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(54) Coating method 

(57) The present invention provides a coating 
Sod which can be applied in a simple operation 
wScTcan form a coating film greatly superior ,n fin. h 
^pearance. corrosion resistance, wheatherai.l^ ch^ 
pSTg resistance, acid resistance. abras,on reside 

etc . and which is advantageous in resource saving and 

pollution ; control. 

The coating method comprises: 

applying, onto a material to be coated, a catonic 
Seciodepositable coating composition comprising. 

(A) a poryurethane-modH ied epoxy resin-amine 
adduct obtained by a reaction of (A-l) a poly- 
urethane compound having one terminal isocy- 
anate group in the molecule, obtained I by a 
reaction of (a) a polyhydroxy compound havuig 
a number-average molecular weigrrt of 50- 
8 000. (b) a polyisocyanate compound, and (c) 
acompound having one active hydrogen atom 
in the molecule; (A-2) a Wsphenol type epoxy 
resin having at least two epoxy groups in me 
molecule; and (A-3) an active-hydrogen-con- 
taining amine compound, and 
(B) a nonionic film-forming resin, 
me weight ratio of the resin (A)/the resin (B) 
being 15/85 to 9575 and the coating composi- 
tion comprising substantially no pigment then 
heat^uring the formed electrocoating film. 



applying, onto the cured electrocoat.ng film an 
aqueous coating composition comprising a metaHic 
pigment and/or a coloring pigment and a h.gh-solid- 
content coating composition comprising: 

(C) a carboxyl group-containing compound. 

(D) a vinyl type polymer containing, in the mol- 
ecule, an epoxy group, a hydroxy! group and a 
hydrolyzable alkoxysilyl group, 

(E) a reactive organopolysiloxane. and 

(F) crosslinked polymer f ine particles 

but comprising substantially no pigment, by 
two-coat two-bake or by two-coat one-bake. 



and thereafter 
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COa ^~ r « i * a sinpie „ wWch _ tem a 

s anc* abrasion resistance, etc.. and whlh !^^Z^^SS^i^ "* 'e^' 

Body panels of atitomobiles. bicydes electric rafenL* ^ * , 9 d P° l,ut,on c °ntrol. 
subjected to finish coating with an o gSSfZLirr ^ appearance is are generafly 

«.m superior in smoothness, distinctness of ^Tg^TaT^T^TTT^ ***** °' 3 
pnses. after the application of a cationic eJectrodeoosS. r!»Z ^ - * ^ coatin9 generally com- 
- ft. application of an intermediate «*nV£££^^ °< «™— 

formed two coating films, app,^ ^ ^ ^ arto ™'3 ^X"«™ tht ? ""F * the *— 

thermosetting enamel coating composition comorisino a c^nnT ! ' ^ ,S> a PP , * n 0 an organic solvent type 
position is hereinafter referred to as^asT ^ TJ^oZ^^t^ " meta, " C pigment (the coati "9 corn- 
solvent type thermosetting transparent cleave To^Z^^ ^ IS"- there0nt0 a " °^nic 
» dear coating fi,m simultaneous* (thisfinish co^'J^^^S^S^ C ° atfi ' m 

lower application cost. moreover, there are required resource saving, pollution control and a 

^^^^7^^^^ *~ ^eoiogy-con^ agent for 
ingfHmTdp^ 

of steps and gives no sufficient improvement a^ranL Mnfl^ ^ ' eadS t0 an increase in n "^er 

contain a large amount of an organ* solvent iS^^ST' °'9 a ™ «*■* type base coats 

tion control. 3 ^ ,S not des,ra ble from the standpoints of resource saving and polfu- 

method, however, invites a high tota" cost inS of *e nunier of "eps h ™ s 

methrhSifS: JoZfrve^^ - - * doping a coa.ng • 

which can form a coating film greatly superior cl- * 3 Simple °P eration ' 

^r^t'roren; 5 ^^^^^ 

and a high-so.id-content citing composS £ Weatherabi)it * « aqueous base coat, 

having excellent weatherability. add rL£XV«£2£ S^SST- CaPab ' e ° f formin9 3 OTatin9 
posrton. The present invention has been completed J^Z^S? ^ "* ' ntermediate 
Accords to thefrst aspect of the present invention, there is P rov«edTS ting method comprising: 
- (D applying, onto a materia, to be coated, a catonic electrodepositable coating composition comprising: 

(A) a polyurethane-modrfied epoxy resin-am inn arH.„-t ^ u 

pound having one terminal iso^aLegn^ °* ^ a P-V«»™. com- 

pound having a number-average molecule? ^^^STSV* 3 " * (a) 3 «*"- 
compound having one active hydrogen atom i^fmoTecl ? A 2 \ f i ' ^J* 3 " 3 ' 6 «™P<>und. and (c) a 
two epoxy groups in the molecule-and (A-3) Ta^^c^^ ° ^ ^ havin9 at ,east 

(B) a nonionic film-forming resin. acttve-hydrogervconteining amine compound, and 

the weight ratio of the resin (A)/the resin (B) being 15/85 to 9S/5 «nH th» « 

stantially no pigment, and then heat-curing^ torn* 4^^^™ ° * Ub ' 

5 (C) a carboxyi group-containing compound. 

(D) a vinyl type polymer containing, in the molecule an enow „ miI „ a 1 

aJkoxysilyl group. * 3/1 9 rau P* a nydroxyl group and a hydrolyzable 

(E) a reactive organopolysiloxane. and 

(F) crosslinked polymer fine particles 
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» con^ subset, no M* «n l-W*. «— «*• "* 

to the second aspect of the pteseo, in-enion. . 

(B) a nonionic film-formmg resia to 95/5 and the coating composition comprising sub- 

(3) app,^ m e,eonto..s. S eco,«.op^^ 

g \%zxs£Z2ZZ£ ^ - ^ 9raw a n,dro * ■"' a hydrolyzaMe 

alkoxysilyl group. 

(E) a reactive organopolysiloxane. and 

(R crosslinked polymer fine particles 

but comprising substantially no pigment, and 

,„o eon»os.ion of partcuia, io-rnulaw, having «»«-» ^ ^ke (the first aspect of present 
poUons mentioned in the AM *=ps *™^ m ^ ) ,^ta^WW™"™>>»»™<- 
L»*on) or by t»c-co« one-Pake L^" e '™^£°e apP«ed ordinanly). 

.,.„„ ,,-pd in oresent invention, mentioned in the above 

1 The dear cationic e.ectrodepositable coatng used m tte p ^ ^ ^ ^ ^ 
step(1) comprises (A) a P**^*^ 1 *?^ chipping resistance and (B) a 
Snf corrosion resistance with substantially no coloring pigment or no 
nonionic film-forming resin having using a bath containing the above coat- 
extender pigment. Therefore, the coating film formed ^eiearoajp, resistance. 
SSnpSion is superior in corrosion "^^^^SZ S two top coating composmons 

2 It was found out that in the present ^J^^^Sng composition according to the above steps 
the baked and cured film of * e gives rise to no weather-induced sep- 
(2) and (3). without the application of any J rtm £ , im and a top coat film are separated from 
Lation beUen films (the separation is a f^TT^SZ^ the primer fi!m caused by a light passmg 
each other during outdoor exposure owing ^^^S^o application of intermediate coatng compo- 
mrough the top coatfilm. Moreover, in the present coat ing methoa. «W 

SonWes^nple the total '^^JT^^^iSJS^ color coating composition compnsing 

3 The aqueous coating composition used in the step (2) * a ^ ^ ent ^ therefore, is very 
water aX solver* or dispersing agerf^^ composition b used gener- 
effective for resource saving ^^^^^'^^S^ from application to curing is large 
ally in a low solid content, the volur« cor*«bor * e '^ ™ ^ to ^ , lm surfa ce. whereby a coating fflm 
S scaly metallic pigment contained therein tends to beonented film surface appearing when 

, ^ng^^ 
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reastance and abrasion resistance. appearance (e.g. distinctness of image gioss), acid 

The coating method according to the present invention is hereinafter described in more detai.. 
Step (1) 

- com^singr (,) ,S 3 *" °' aPP ' yfn9 ' "*» 3 M to be «-»* * catJonic e.edrodepositabie coating composition 

the molecule; and (A-3, an active-hyd^gen^^^ * «— W groups i 

(B) a nonionic film-forming resin compound, and 

S^^a^ 

8,000. particularly 50-6.000. more particular! 5o"a 00 Tar^ivd^ ™ Jmb »-«'wa« molecular weight of 50- 
more particularly 25-2.000. The poiyhydroxy compound fT^f * 25 " 4 -° 00 ' P"*** 2S-3.000, 

polyo. or a polyether po.yol both ^LTS^ ZZ^u^TtoZ TT^ ' a ' COho1 ' 3 

The polyhydric alcohol can be exemplified by SlSfc 2£f P^rethane resrn. and a mixture thereof, 
did. Methylene glycol. 3-methyM .5-pe^M 

and the like; trihydric alcohols such as glycerine t kminSSSS". ^methyW.ethanolam.ne. N-ethyWiethanolamine 
hols such as pentaerythritol and the like tnmeth y'°'P'opane. tnethanolamine and the like; and tetrahydric alco- 

acid and polyhydric alcohol, and a canilSSSSt^^ conden «tion product between hydroxycarboxyfic 
be the same as mentioned above; ^ V***** ^ 

.ncludes. for example, adipic acid, azelaic add a *S 2d2S r?S-? 5 condensed the polyhydric alcohol 
acid incudes, for example, dimethy.olpropionfc acS £ !S52SS n^T^* ^ ^ ^^carboxyHc 
polyhydric alcohol, besides condensation I prodSS^^S 1 betWe8n »V*W»!tx«ylic *** and 

tioned polyhydric alcohol, there can also be ESSES ^^T^ W™****^ acid and above-men- 
col, propylene glycol or the like 3nd react,on products between «star oil and ethylene gly- 

^eSet^^ ™" P~tion (1J at least one 

having two or more active hydrogen *° ,ik ° ™> <*> • compound 

polyol ordinarily used in the production of a polvurethanfi r«L -Z ba USSd per 86 known P°'y*her 

atoms includes, for example a^JLeS^^a^^^ °' more active 

ethylenediamine. hexamethylene^iamine and tiS S5r2ta^22 h**^ carboxylic acids; amines such as 
like; polyhydric alcohols such as bisphenol ar* me «£• tSSSS, 5 " propanolamine and the 

and Nj^,Se£nZ^r° UndS ^ « ^ *«* P^ene g,ycol. 1 .6-hexanedio, 

as * — *-■» of two or more compounds. 

The pcJylsocyTate compound ^Sin S^EE^SES " 50 ^°° 0 - 
two or more, preferably two or three isocya7ate o^Sn Z l!,^ 3 " 8 ctm P° u ^ (A-1) is a compound having 
general* used in production of a ^SS^STSil ^ * ^ * e <*>>• there can be used those 

compounds of aliphatic type. *c&Z£££i ^JS^STST^ W '"^ P**«*»«te 

pound (b) are as follows. aflpl1at,c type - T yP<caJ examples of the polyisocyanate com- 

Anphatic polyisocyanate compounds such as hexamethylene dOsocyanate (HMDI). bi uret-type adduct of HMDI, 
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isocyanurate of HMD! and the like; aficyciic poiyisocyanate compounds such as isophorone diisocyanate (IPDI). biuret- 
type adduct of IPDI. isocyanurate of IPDI. hydrogenated xylylene diisocyanate. hydrogenated 4.4'-diphenylmethane 
dnsocyanate and the like; and aromatic-aliphatic poiyisocyanate compounds such as tolylene diisocyanate, xylylene 
diisocyanate and the Hka Of these, particularly preferable are HMDI. IPDI and hydrogenated 4.4'^phenylmethane 
dOsocyanata 

The poiyisocyanate compound (b) can be used as a single compound or in combination of two or more compounds. 
The compound (c) having one active hydrogen atom in the molecule, used in production of the poiyur ethane com- 
pound (A-1) is used for blocking of the isocyanate groups present in the poiyisocyanate compound (b). As the com- 
pound (c). there can be used such a compound that separates from the blocked isocyanate at the baking temperature 
(generally 120-200°C , preferably 160-1 80° C) of a coating film formed in the step (1 ) with the cationic electrodepositable 
coating composition, to generate free isocyanate groups. 

The active-hydrogen-containing compound (c) includes, for example, a monohydric alcohol such as methanol, eth- 
anol, diethylene glycol monobutyi ether or the like; a monocarboxylic acid such as acetic acid, propionic acid or the like; 
a rnonohydric thiol such as ethyl mercaptan or the like; a secondary amine such as dialkylamine (e.g. diethylamine) or 
the like; a compound obtained by reacting the primary amino group of an amine compound having one secondary 
amin0 or hydroxyl group and one or more primary amino group (said amine compound can be exemplified by poly- 
alkylenepolyamines such as diethylenetriamine and the like and monoalkanolamines such as monoethanolamine and 
the like), with a ketone (e.g. acetone or methyl ethyl ketone), an aldehyde (e.g. formaldehyde, acetaldehyde or propion- 
aldehyde) or a carbcxylic acid (e.g. formic acid, acetic acid or propionic acid) at a temperature of, for example, 100- 
230°C to convert into an aidimine, a ketimine. oxazoline or imidazoline; and an oxime such as methyl ethyl ketoxime or 
the like. Of these compounds, diethylene glycol monobutyi ether, ethanol and monoethanolamine are particularly pref- 
erable. These active-hydrogen-containing compounds (c) desirably have a molecular weight of generally 30-2,000. par- 
ticularly 30-1 ,000, more particularly 30-200. 

The polyhydroxy compound (a), the poiyisocyanate compound (b) and the active-hydrogen-containing compound 
25 (c) are reacted with each other, whereby a polyurethane compound (A-1) can be obtained. The appropriate proportions 
of the components (a), (b) and (c) are generally as follows based on the total amount of (a), (b) and (c). 

Polyhydroxy compound (a): 10-94% by weight, preferably 30-80% by weight more preferably 30-60% by weight 
Poiyisocyanate compound (b): 5-80% by weight, preferably 10-60% by weight, more preferably 10-50% by weight 
Active-hydrogen-containing compound (c): 1-85% by weight, preferably 1-60% by weight, more preferably 1-50% 

30 by weight , _, , , . _ 

There is no particular restriction as to the method of the reaction between the polyhydroxy compound (a), the 
poiyisocyanate compound (b) and the active-hydrogen-containing compound (c). The reaction can be conducted, for 
example, by (1) a method which comprises mixing and reacting the three components (a), (b) and (c) simultaneously, 
or (2) a method which comprises first reacting the components (b) and (c) and then reacting the reaction product with 
35 the component (a). In any reaction method, the proportions of the individual components (a), (b) and (c) and the reac- 
tion orders of the components are controlled so that the resulting polyurethane (A-1) can have one terminal isocyanate 
group in the molecule. - 

The method (2) is preferable. Specifically, the method (2) is conducted by reacting the poiyisocyanate compound 
(b) with the active-hydrogen-containing compound (c) in such proportions that the amount of the active-hydrogen-con- 
40 taining group of the compound (c) becomes 1 equivalent or less, preferably 0.1-0.5 equivalent more preferably 0. 1 -0.1 7 
equivalent per one isocyanate group of the compound (b), until the unreacted active-hydrogen-containing group is not 
present, to produce a blocked poiyisocyanate compound and then adding the polyhydroxy compound (a) so that the iso- 
cyanate equivalents of the compound (b) become about one equivalent larger than the total of the hydroxyl group equiv- 
alents and the active hydrogen equivalents of the compound (a) and the compound (c). to conduct a reaction until 
45 substantially no hydroxyl group is detected, whereby a polyurethane compound (A-1) can be produced. 

In the above reaction, it is possible to use, as necessary, a known catalyst used for urethane synthesis, such as 
tertiary amine (e.g. triethylamine). organometallic compound (e.g. dibutyltin diiaurate) or the like. 

The thus-obtained polyurethane compound (A-1) has one terminal isocyanate in the molecule, and desirably has a 
number-average molecular weight of 400-10.000. preferably 700-7,000. more preferably 1,000-4,000. When the 
so number-average molecular weight is less than 400, the resulting cationic electrodepositable coating composition gives 
a coating film of low flexibility and, when the molecular weight is more than 10,000, the coating film has infenor smooth- 
ness. Therefore, such molecular weights are generally not desirable. 

The bisphenol type epoxy resin (A-2) is a bisphenol type compound having at least two epoxy groups in the mole- 
cule. Particularly preferable as the epoxy resin (A-2) is a digtycidyl ether of a bisphenol type compound, obtained by a 
55 condensation reaction between bisphenol type compound and ephalohydrin (e.g. epichlorohydrin). because it can eas- 
ily give a coating film of excellent flexibility and corrosion resistance. 

Typical examples of the bisphenol type compound usable in preparation of the epoxy resin (A-2) are compounds 
represented by the following general formula 
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(wherein R 1 . R 2 and R 3 are each a hydrogen atom or an aikyl group); and specific examples thereof are bis(4-hydrox- 
yphenyf)-2.2-propane, bis(4-hydroxyphenyl)-1 f 1 -ethane. bis(4-hydraxyphenyl)methane f ^-dihydraxydiphenyl ether, 
4,4*-dihydroxydiphenyisulfone, bis{4-hydroxphenyl)-l,l-isobutane and bis(4-hydroxy-3-tert-butylphenyl)-2,2-propane. 

The bisphenol type epoxy resin (A-2) is particularly preferably a diglycidyl ether of bisphenol A, represented by the 
following formula 



(wherein q is an integer of 2-20), because it can give a coating film of excellent flexibility and corrosion resistance. 

As the epoxy resin (A-2) usable preferably, there can also be used a compound obtained by subjecting a bisphenol 
type compound and an epihaiohydrin to a condensation reaction to obtain a diglycidyl ether of bisphenol and then sub- 
jecting an excess amount of said ether and said bisphenol type compound to an etherification reaction. 

The epoxy resin (A-2) used in the present invention, preferably has a number-average molecular weight of gener- 
ally about 310-10,000. particularly about 320-5,000, more particularly about 320-2,000 and an epoxy equivalents of 
about 155-5,000, particularly about 150-2,500, more particularly about 160-1,000. 

The active-hydrogen-containing amino compound (A-3) is an amino compound having an active hydrogen atom(s) 
reactive with an epoxy group(s), and includes a primary or secondary amine of aliphatic type, aficyclic type or aromatic- 
aliphatic type, an alkanolamine, modification products thereof, a tertiary amine salt, etc. Examples of these active- 
hydrogen-containing amine compounds are as follows. 

(1) Compounds obtained by reacting the primary amino group of an amine compound containing one secondary 
amino group and one or more primary amino group (examples of said amine compound are a.polyaikyienep- 
olyamine (e.g. diethyitriamine), a hydroxyalkylaminoalkylamine (e.g. hydraxyethylaminoethylamine) and an 
aikylaminoalkylarrrine (e.g. ethylaminoethylamine or methyiaminopropylamine), with a ketone (ag. acetone or 
methyl ethyl ketone), an aldehyde (e.g. acetaidehyde or propionaldehyde) or a carboxyiic acid (e.g. acetic acid or 
propionic acid) at a temperature of. for example, 100-230°C to convert into an aJdimine, a ketimine. axazoline or 
imidazoline. 

(2) Secondary monoamines such as diaikylamine (e.g. diethyiamine). diaikanolamine (e.g. diethanolamine or di-n- 
or iso-propanolamine). N-alkylalkanolamine (e.g. N-methylethanolamine or N-ethylethanolamine) and the like. 

(3) Secondary-amino-grdtp-containing compounds obtained as an adduct by subjecting a monoalkanolamine (e.g. 
monoethanolamine) and a diaikyl(meth)acrylamide [eg. dimethyl(meth)acrylamide] to a Micheal addition reaction. 

(4) Compounds obtained by converting the primary amino group of an alkanolamine [ag. monoethanolamine, neo- 
perrtanolamine, 2-aminopropanol , 3-aminopropanol or 2-hydroxy-2XaminopropcKy)ethyl ether] into a ketimine. 

(5) Salts between (a) tertiary amine such as dialkylaikanoiamine (ag. dimethylethanolamine), traikyiamine (e.g. tri- 
ethylamine, trimethyiamine or triisopropylamine), alkyldiaikanolamine (e.g. methyldiethanolamine) or the like and 
(b) organic acid such as acetic acid, lactic acid or the like. 

Of these compounds, those belonging to the groups (1). (2) and (4) are preferable. Particularly preferable are dieth- 
anolamine and a ketimine of diethyl enetriamine because their secondary amino groups can have an active hydrogen 
group even after the reaction with epoxy group or by the hydrolysis of ketimine and thus can have a crossiinkable func- 
tional group. 

The polyurethane-moalfied epoxy res i> amine adduct (A) can be produced, tor example, by reacting the pcly- 
ur ethane compound (A-1) with the bis -phenol type epoxy resin (A-2) to obtain a polyurethane-modified epoxy resin and 
then adding the active-hydrogen-containing amine compound (A-3) to the poryur ethane-modified epoxy resin. 
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in specifically producing the polyurethane-modified epoxy resin-amine adduct (A), it is partcularty preferable 
view of Redesigning and controlling of said adduct obtained, for example, to react the secondary r*dno>tf group of the 
bispnenol type epoxy resin (A-2) with the polyurethane compound (A-1) to obtain a polyurethane-modified epoxy, resm 
and then adding the active-hydrogen^rrtaining compound (A-3) to the terminal oxrane group of the potyurettiane- 
modrfied epoxy resin. Incidentally, the addition of the active-hydrogen-corrtaining compound (A-3) may be conducted 
simultaneously with the production of the polyurethane-modified epoxy resin. The reaction be^eenjhe actrve-hydro- 
gen-containing amino compound (A-3) and the epoxy group of the epoxy resin (A-2) can be conducted, for example, at 
a temperature of about 30-160°C for about 1-5 hours. 

The proportions of the polyurethane compound (A-1). the epoxy resin (A-2) and the actrve-hydrogen<orrtaining 
amino compound (A-3) used in the reaction can be varied over a wide range depending upon the application of the 
resulting resin. Preferably, the amount of the polyurethane compound (A-1) used is generally 16-80% by we.ght partic- 
ularly 30-70% by weight, more particularly 50-70% by weight based on the total amount of the three components (A-1) 
?A-2) and (A-3); the amount of the epoxy resin (A-2) used is generally 20-84% by weight, particularly 25-70% by weight, 
more particularly 30-50% by weight on the same basis; and the active-hydrogen-corrtaining am.no compound (A-3) is 
used in such an amount that the resulting polyurethane-modified epoxy resin-amine adduct (A) has an amine value of 

15-100, particularly 15-70. more particularly 15-47. , „„..,„, 

Preferably the polyurethane-modified epoxy resin-amine adduct (A) formed has a number-average molecular 
weight of generally 1 .000-20.000. particularly 1 .000-1 0.000. more particularly 2.400-4.000. 

Also preferably, the polyurethane-modified epoxy resin-amine adduct (A) has a primary hydroxyl group's). There is 
no particular restriction as to the equivalents of the primary hydroxyl group(s). but the preferable equ.valents are i gen- 
eral 600-1 000 particularly 600-850. more particularly 600-800. In said adduct. the primary hydroxyl group(s) brought 
about by the active-hydrogen-corrtaining amino compound (A-3). etc. and the secondary hydroxyl group(s) present in 
the eooxv resin (A-2) serve as functional groups reactive with a crosslinking agent. 

iiis possible to react the polyurethane-modified epoxy resin-amine adduct (A) with a reagent such as tertiary am.ne 
salt monocarboxylic acid, secondary sulfide salt, monophenol. monoalcohol or the like, to allow sa.d adduct to have 
controlled water dispersi- bility or give a coating film having improved smoothness rm^aAim func- 

It is also possible to introduce, into the polyurethane-modified epoxy res.n-am.ne adduct (A), a crossl.nkaUe func- 
tional group such as blocked isocyanate group. (3-hydroxycarbamic acid ester group, a.p-unsaturated carbonyl group. 
N-methylol group or the like, to allow said adduct to have higher internal crossl.nkabil.ty. 

The reaction with a reagent and the introduction of a crosslinkable functional group, both mentioned above may be 
conducted prior to the addition of the acth/e-hydrogen-containing amino compound (A-3) to the polyurethane-modrf.ed 

^ The polyurethane-modified epoxy resin-amine adduct (A) can be used in combination with an external crosslinking 
agent Such an external crosslinking agent includes compounds having, in the molecule, two or more «° s ^ nk ff' e 
functional groups, such as blocked polyisocyanate. fj-hydroxycarbamic acid ester of polyam-ne. malomc acid I ester 
malonic add est er derivative, methylolme.amine. methylolurea and the like. The ratio (n terms of sohc 
the polyurethane-modrfied epoxy resin-amine adduct (A) and the external crossl.nk.ng agent .s not strictly restncted but 
is preferably 100/0 to 60/40. particularly preferably 85/1 5 to 75/25. mnrli 
The non-ionic film-farming resin (the resin (B)) used in combination with the above-mentioned polyurethane-modi- 
fied epoxy resin-amine adduct (the resin (A)) contains substantially no functional group (e.g. carboxyl group or amino 
group) capable of forming an ionic group (a catjonic or anionic group) when neutrahzed wrth an acd or a base and is 
p °r se a thermoplastic resin capable of forming a continuous film under the baking conditions for electrodeposrted coat- 
ing film. The resin (B) may contain, as necessary, a functional group (e.g. a hydroxyl or epoxy group) reactive with an 
external crosslinking agent (which is described later). ^ , _ 

Te nSn(B) has a number-average molecular weight of generally about 3.000-100.000. preferably about 3.500- 
70 000 more preferably about 4.000-50.000. and desirably has, in the molecule, a nonionic functional group (e.g. a 
hydroxyl group) crosslinkable with the blocked isocyanate group of the resin (A) or with an external cunng agent dunng 

b ^Prefe^We n examples of the resin (B) having the above-mentioned properties are an acrylic resin, a polyester resin, 
a polyester-modified acrylic resin, an acrylic resin-modified polyester resin and a silicone-modrfied resm. 
Preferable examples of the resin (B) are specifically described below. 

The noniorric acrylic resin includes acrylic resins obtained by using, as a main monomer, at .least, one acrylic mon- 
omer se^eS from°Jkyl (meth)acrylates (e.g. methyl (meth)acry.ate. ethyl (meth)acrylate. butyKmeth^^propy. 
°meth)acrylate and 2-ethy.hexyl (methjacrylate], hydroxyalky. (methjacrylates [e.g. hydrcocyethy. ^)ac^ate 
hydroxy! (meth)alrVate]. glycidyl (meth)acrylate. etc. and. as other unsaturated monomer, a le^ °ne^mpound 
appn^aSy selected from vinyl aromatic compounds <e.g. styrene and ^ 3 ^ r ^^^^! s 
^(acrylamide. olefins (e.g, ethylene and propylene), dienes (e.g. butadiene and isoprene). v.^ace^eta soas 
to safety the properties required for the resin to be obtained, and (co)polymenzing the main monomer and the other 
unsaturated monomer according to an ordinary process. 
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The acrylic resin desirably contains the units derived from the at least one acrylic monomer, in an amount of 25% 
by weight or more, particularly 35% by weight or more, more particularly 50% by weight or more. Also, the acrylic resin 
has an appropriate number-average molecular weight of about 3,000-100,000, preferably about 3,500-70,000, more 
preferably about 4,000-50,000. The acrylic resin, when containing a hydroxyl group(s) as a functional group, can react 
with the blocked isocyanate group in the resin (A) or with a blocked pofyisocyanate compound (an external crossfinking 
agent) and can be cross (inked and cured. 

The nonionic polyester resin used as the resin (B) includes, far example, a polyester resin having no terrrrinal car- 
boxy! group, which can be produced by subjecting, to polycondensation by an ordinary process, (1) a polybasic acid 
component such as phthalic acid or its anhydride, isophthalic acid, terephthaiic acid, trimellrtic acid or its anhydride, 
pyromeilitic acid or its anhydride, hexahydrophthaiic acid or its anhydride, succinic acid, adipic acid, pimeiic acfd. 
sebadc acid, brassylic acid or the like and (2) a polyoi component such as ethylene glycol, di ethylene glycol, propylene 
glycol, neopentyl glycol. 1.6-hexanediol, trimethylolpropane. glycerine, pentaerythritol. tricyclodecanedimethanol or the 
like. In the production, it is possible to use, for example, benzoic acid or p-tert-butylbenzoic add as a terminal -blocking 
agent to control the molecular weight of the resulting polyester resin. 

The polyester resin can have a number-average molecular weight of generally 3,000-100.000, preferably 3,500- 
70,000, more preferably 4,000-50,000. 

The resin (B) may be a blend of the acrylic resin and the polyester resin. Or, the resin (B) may be a polyester-mod- 
ified nonionic acrylic resin obtained by modifying (grafting) the acrylic resin with a polyester, or an acrylic resin -modified 
nonionic polyester resin obtained by modifying (grafting) the polyester resin with an acrylic resin. 
. The nonionic silicon e-modified resin usable as the resin (B) includes a resin obtained by modifying an appropriate 
base.resin (e.g. the above-mentioned acrylic resin or polyester resin, or an alkyd resin) with a silicone resin. The appro- 
priate amount of the silicone resin used is generally 50% by weight or less, preferably 3-45% by weight, more preferably 
3-30% by weight based on the total resin (the resin (B)). 

The silicone resin used for modification of the base resin is generally an organopolysiloxane resin having a number- 
average molecular weight of about 500-2,000 and having, in the molecule, at least two reactive groups (e.g. hydroxyl 
groups or alkoxyl groups). The commercial products of such a silicone resin are, for example, 2-6018 (molecular weight 
~ 1,600), Z-6188 (molecular weight = 550), Syikyd 50 and DC-3037 (these are products of Dow Corning Co.); KR-216, 
KR-218 and KSP-1 (these are products of Shin-Etsu Chemical Co., Ltd.); TSK-160 ad TSR-165 (these are products of 
Toshiba Corporation); and SH 5050, SH 6018 and SH 6188 (these are products of Dow Corning Toray Silicone Co., 
Ltd.). 

The silicone-modified resin can be produced by subjecting the silicone resin and the base resin (e.g. an acrylic 
resin or a polyester resin) having a hydroxyl group(s) and/or a carboxyl group(s) to cocondensation in the proportions 
mentioned above, by a per se known process. 

Of the above-mentioned various resins (B), the polyester-modified nonionic acrylic resin in which the amount of pol- 
yester grafted is 5-80% by weight, preferably 5-40% by weight based on the total resin, is particularly preferable 
because the resin has good compatibility with the polyurethane-modified epoxy resin-amine adduct and it is easy to 
introduce a crosslinkable functional group into the resin. 

The (clear) cationic electrcdepositable coating composition containing substantially no pigment, used in the step 
(1) according to the present invention can be prepared by dissolving or dispersing the resin (A) and the resin (B) in an 
aqueous medium by a per se known method. 

The composition can be prepared, for example, by (1) a method of dissolving the resin (A) and the resin (B) in an 
organic solvent miscible with water, mixing the solution with water and an add (a water-soluble organic or inorganic acid 
such as acetic acid, formic acid, lactic acid, phosphoric acid, sulfuric acid or the like) to conduct neutralization and form 
an aqueous bath, or (2) a method of dispersing the resin (A) in an aqueous medium, neutralizing the dispersion with an 
acid such as mentioned above to form an aqueous bath, and dispersing, in the aqueous bath, a solution of the resin (B) 
in an organic solvent miscible with water, forcibly by the use of a homogenizes In the composition obtained by any of 
the above methods (1) and (2), the particles of the resin (B) are dispersed in water very stably by the acid neutralization 
product of the resin (A), whereby the composition can have excellent storage stability over a long period of time. The 
amount of the acid used for formation of aqueous bath cannot be specified strictly, but a preferable amount is generally 
about 5-40 KOH mg, particularly 10-20 KOH mg per g of resin solid in view of the electrodepositability of the resulting 
composition. 

In the preparation of the clear cationic electrcdepositable coating composition used in the step (1 ), the resin (A) and 
the resffi (B) can each be used singly or in combination of two or more resins. The proportions of the resin (A) and the 
- resin (B) compounded can be varied depending upon, for example, the kinds of respective resins and the properties 
required for the resulting electrodepositabie coating composition, but the weight ratio of the resin (A) / the resin (B) can 
be generally 15/85 to 95/5, preferably 30/70 to 90/10, more preferably 50/50 to 80/20. 

The dear cationic electrodepositabie coating composition used in the step (1) can comprise as necessary, besides 
the resin (A) and the resin (B), various additives ordinarily used in coating industry, such as coloring pigment corrosion- 
resistant pigment extender pigment inhibitor (corrosion suppressant), curing catalyst surfactant and other additives. 
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The present composition furthermore comprise, as an external crosslinking agent, a compound having two or more 
cross linkable functional groups in the molecule, such as blocked polyisocyanate, ^-hydroxy carbamic acid ester of 
polyamine, maionic acid ester, maionic acid ester derivative, methylolmelamine. methylolurea or the like. The desirable 
amount of the external crosslinking agent added is generally 100/0 to 60/40. preferably 90/10 to 65/35. more preferably 

5 85/15 to 75/25 in terms of the weight ratio of (the resin (A) + the resin (B)) / the external crosslinking agent 

The method and apparatus used for applying the present eiectrodepositable coating composition to a material to 
be coated, can be a method and an apparatus both used conventionally in cationic eiectrodeposition. In this case, it is 
preferable that the material to be coated is used as a cathode and stainless steel or a carbon plate is used as an anode. 
There is no particular restriction as to the eiectrodeposition conditions used, but it is generally desirable to conduct eiec- 

10 trodeposition with stirring under the following conditions. 

Bath temperature: 20-30°C 

Voltage: . 100-400 V (preferably 200-300 V) 

Current density: 0.01-3 A/dm 2 (preferably. 0.05-2 A/dm 2 ) 

75 Eiectrodeposition time: 1 -5 minutes 

Anode-to-cathode areal ratio: 2/1 to 1/2 
Distance between el ectrodes: 1 0- 1 00 cm 

The coating film formed on the material to be coated (the cathode) is washed and then baked and cured generally 
20 at about 1 40-1 80°C for about 5-60 minutes. 

The film of the clear cationic eiectrodepositable coating can have a thickness of generally 5-40 jim, preferably 10- 

30 jirn after cure. 



In this step, the aqueous coating composition containing a metallic pigment and/or a coloring pigment is applied as 
a first top coat on the cured film of the clear cationic eiectrodepositable coating formed in the step (1). 

The aqueous coating composition is a thermosetting coating composition comprising a basic resin, a curing agent, 
a metallic pigment and/or a coloring pigment, water (these are main components) and. as necessary an organic sol- 



The basic resin is a main component of the coating film formed by a first top coat and is preferably a resin used for 
coatings, which has good weathering resistance and which can be made water-soluble or water-dispersible. It includes, 
for example, a resin which uses, as a base, an acrylic resin, a polyester resin, an epoxy resin, a urethane resin or the 
like (these are ordinarily used as a vehicle for aqueous coating composition) and which can be made water-soluble or 
35 water-dispersible. Said resin, which can be made water-soluble or water-dispersible. basically contains a hydrophiiic 
group [e.g. carboxyi group (-COOH), hydroxyl group (-OH). methylol group (-CHsOH), amino group (-NH2). sulfone 
group {-SO3H), or polyoxyethylene bond {CH z CH z O)^ in an amount sufficient for the resin to become water-soluble or 
water-dispersible. Said resin is most typically a carboxyi group-containing resin which can be made water-soluble or 
water-dispersible by neutralization and subsequent formation of an alkali salt The amount of the carboxyi group 
40 required for dissolution in water or dispersion in water varies depending upon the skeleton of resin, the content of other 
hydrophiiic group, the kind of neutralizing agent and the neutralization equivalents, but the acid value is required to be 
30 or more generally. The carboxyi group-containing resin can be made water-soluble or water-dispersible generally by 
neutralizing with an alkaline substance such as sodium hydroxide, an amine or the like. 

The acrylic resin includes, for example, those having an acid value of about 30-100, particularly 35-90 and a 
45 hydroxyl value of about 20-200. particularly 30-150, obtained by copolymerizing an a,p-ethylenically unsaturated car- 
boxyi ic acid, a (meth)acrylic acid ester having functional groups such as hydroxyl group, arrrido group, methylol group 
and the like, other (meth) acrylic acid ester, styrene. etc. 

The polyester resin includes those obtained by subjecting a polybasic acid, a polyhydric alcohol and a modified 
glyceride(s) to a condensation reaction by an ordinary method. The epoxy resin includes epoxy ester resins obtained, 
so for example, by (1) a method which comprises reacting an epoxy compound with an unsaturated fatty acid to synthesize 
an unsaturated epoxy ester and addng an a,p-unsaturated acid to the unsaturated group of said ester or (2) a method 
which comprises esterifying the hydroxyl group of an epoxy ester with a polybasic acid such as phthalic acid or trimellitic 
acid. 

The urethane resin includes polymers obtained by reacting the above-mentioned acrylic resin or polyester resin or 
55 epoxy resin with a diisocyanate compound. 

The dispersion in water, of the basic resin can also be conducted by emulsion-polymerizing the monomer compo- 
nents used for production of the basic resin, in the presence of a surfactant or a water-soluble resin, or by dispersing 
the basic resin in water in the presence of, for example, an emulsifier. In this dispersion in water, the basic resin need 
not contain any of the above-mentioned hydrophiiic groups or can contain said hydrophiiic group in an amount smaller 



Step (2) 
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than that of the water-soluble resin. 

As the aqueous dispersion of the acrylic resin, there is preferred an aqueous dispersion of an acrylic (co)polymer 
having an average particle diameter of about 0.05-1 jim, which dispersion is prepared by polymerizing an acrylic mon- 
omer and. as necessary, other copolymerizable monomer in the presence of a known cfispersion stabilizer such as non- 

s ionic surfactant (e.g. polyoxyethylene nonyi phenyl ether), anionic surfactant (e.g. salt of polyoxyethyiene alkyl aryl ether 
sulfate) or water-soluble resin (e.g. acrylic resin having an acid value of about 20-150, particularly 30-100 and a 
number-average molecular weight of about 5.000-30,000. particularly 5.000-20.000). 

Examples of the monomers used in the above polymerization are a.p-ethyJenicafly unsaturated carboxyiic acids 
such as (meth) acrylic acid, maJeic acid, fumaric acid, itaconic acid, half-esterified products of maleic acid or fumaric 

10 acid and the like; (meth)acryBc acid esters such as methyl (meth)acrylate. ethyl (meth)acryiate. propyl (meth)acrylate. 
butyl (meth)acrylate, 2-ethylhexyi (meth)acrylate and the like; hydroxy! group-containing (meth)acryiic add esters such 
as hydroxy ethyl (meth)acrylate. hydroxypropyl (meth)acryiate and the like; and other polymerizable unsaturated mono- 
mers such as N-propoxymethyl(meth)acrylamide. N-butoxymethyi(meth)acrylamide ( glycidyl (meth)acrylate, styrene, 
vinyl acetate and the lika 

75 The above polymerizable unsaturated monomers may be used, as necessary, together with a small amount of a 
polyfunctional unsaturated monomer such as ethylene glycol di(meth)acryfate, 1 ,6-hexanediol di(meth)acryiate. tri- 
methylolpropane di(meth)acrylate. trimethyiolpropane tri(meth)acrylate or the like. 

The above aqueous dispersion is preferably one obtained by multistage polymerization. That is, first, a monomer 
containing no a.p-ethyienically unsaturated acid or a monomer mixture containing a small amount (preferably 5% by 

20 weight or less of the total monomers) of said acid is polymerized (copolymerized) ; then, a monomer mixture containing 
a large amount (preferably 5-30% by weight of the total monomers) of said acid is copolymerized; thus, a multistage 
polymerization emulsion is obtained. This multistage polymerization emulsion is preferable in view of the coating oper- 
ation because the emulsion is thickened by neutralization with a neutralizing agent. The neutralizing agent usable 
includes ammonia, or a water-soluble amino compound such as monoethanolamine, diethanof amine, ethyiamine, 

25 dimethylamine, diethylamine, triethylamine. propylamine, dipropylamine. isopropy (amine, diisopropylamine, trieth- 
anolamine, buty (amine, 2-ethylhexylamine, ethylenediamine, propyl en edamine, methylethanoiamine, dimethyleth- 
anolamine, diethylethanolamine, morpholine or the like. Of these, triethylamine and dimethyiethanolamine (both are 
tertiary amines) are particularly preferable. Also, an acrylic resin of high acid value or a resin thickened with a thickener 
is also useful for the object of the present invention. 

30 It is advantageous that the acrylic resin present in the aqueous dispersion is subjected to internal crosslinking in 
view of the mechanical stability and storage stability of said dispersion. Further, this aqueous dispersion of the acrylic 
resin may also contain, as necessary, water-dispersible resins of polyester type and polyurethane type produced by 
known processes. 

The curing agent used in the aqueous coating composition acts to thermally and three-dimensionally crosslink and 
35 cure the basic resin also used in said coating composition. Preferable examples of the curing agent r.re amino resins 
obtained by (cojcondensing melamine, benzoguanamine, urea or the like with formaldehyde, or further etherifying the 
reaction product with a lower monohydric alcohol. 

The metallic pigment usable in the aqueous coating composition includes, for example, metal flakes such as alu- 
minum flake, copper flake, bronze flake and the like. The coloring pigment includes, for example, inorganic pigments 
40 such as titanium dioxide, iron oxide, chromium oxide, lead chromate, carbon black and the like; and organic pigments 
such as Phthalocyanine Blue, PhthaJocyanine Green, Carbazole Violet, Anthrapyrimidine Yellow, Flavanthrone Yellow, 
Isoindoline Yellow, Indanthrene Blue, Quinacridone Violet and the like. The metallic pigment and the coloring pigment 
can be used each singly or in combination of the two pigments. It is possible to further add an extender pigment such 
as talc kaolin or the like. 

The proportions of the individual components in the aqueous coating composition used in the step (2) can be 
appropriately selected depending upon the purpose of said coating composition. For example, however, the basic resin 
and the curing agent are preferably used so that the former is 60-90% by weight particularly 70-85% by weight and the 
latter is 40-10% by weight particularly 30-15% by weight based on the total weight of said two components; and the 
pigments can be used so as to give desired metallic feeling, a desired color, eta and are appropriately added in the 
so range of generally about 1 -250 parts by weight particularly about 5-200 parts by weight per 100 parts by weight of the 
total resin (solid) content of the basic resin and the curing agent 

The aqueous coating composition can be obtained by mixing the basic resin, the curing agent and the pigments 
with deionized water and, as necessary, additives such as organic solvent thickening agent defoaming agent and the 
like by an ordinary method and controlling the solid content to about 10-40% by weight and the viscosity to about 800- 
55 5.000 cps/6 ram (Brookfieid viscometer). 

The aqueous coating composition can be used very suitably as a first base coat in the two-coat two-bake or two- 
coat one-bake application. The aqueous coating can be applied on the cured film of the dear cationic eJectrodeposita- 
trfe coating composition formed in the step (1), by spray coating or the like so as to give a cured fOm thickness of. for 
example, about 10-50 um, particularly 15-40 um. The curing of the aqueous coating fflm formed can be conducted, in 
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the case of two-coat two-bake application, by heating the film to its curing temperature, for example, about 120-170°C 
generally for about 5-60 minutes. 

Step (3) 

5 

The step (3) comprises applying, as a second top coat an organic solvent type high-solid-content coating compo- 
sition comprising substantially no pigment, on the cured film (the first aspect of the present invention) or uncured film 
(the second aspect of the present invention) of the first top coat (the aqueous coating composition), formed in the above 

step (2). % 
10 The high-solid-content coating composition is a thermosetting organic solvent type high-solid-content coating com- 
position which can be applied onto the cured or uncured film of the aqueous coating composition, farmed in the step 
(2). The high-solid-content coating composition can basically form a transparent coating film through which the metallic 
or colored coating film formed in the step (2) can be seen, and comprises: 

15 (C) a carboxyl group-containing compound, 

(D) a vinyl type polymer containing, in the molecule, an epoxy group, a hydroxyl group and a hydrolyzabie alkoxys- 
iiyl group, 

(E) a reactive organopolysiloxane, and 

(F) crosslinked polymer fine particles 

20 but is substantially free from any pigment such as coloring pigment metallic pigment or the like. 

Description is made hereinafter on the components (C) to (F) contained in the high-solid-content coating composi- 
tion. 

25 Carboxvl group-containing compound (O 

The carboxyl group-containing compound (C) used in the high-solid-content coating composition can have an acid 
value of generally 50-500 mg KOH/g, preferably 65-400 mg KOH/g. more preferably 80-300 mg KOH/g. It specifically 
includes the following compounds (C-1) to (C-3). 

30 

(C-1): A vinyl type polymer containing, in the molecule, a group obtained by half-esterifying an acid anhydride group. 

The group obtained by half-esterifying an acid anhydride group refers to a group consisting of a carboxyl group and 
a carboxylic acid ester group, obtained by adding an aliphatic monohydric alcohol to an acid anhydride group to give 

35 rise to ring opening (haif-esterrf ication) (the group is hereinafter referred to simply as "half ester group", in some cases). 
The compound (C-1) can be easily produced, for example, by copolymerizing a half ester group-containing vinyl 
monomer and other vinyl monomer according to an ordinary process, or by conducting similar copolymerization using 
an acid anhydride group-containing vinyl monomer in place of the half ester group-containing vinyl monomer and then 
half-esterifyng the acid anhydride group in the resulting copolymer. 

40 The acid anhydride group-containing vinyl monomer includes, for example, maleic anhydride and itaconic anhy- 
dride. The half ester group-containing vinyl monomer includes compounds obtained by half-esterifying the acid anhy- 
dride group of the above acid anhydride group-containing vinyl monomer. 

The aliphatic monohydric alcohol usable for the half esterification of the acid anhydride group includes low-molec- 
ular monohyric alcohols such as methanol, ethanol, isopropanol, tert-butanol, isobutanol. methyl cetlosolve, ethyl cello- 

45 solve and the like. The half esterification can be conducted according to an ordinary method, for example, at a 
temperature of room temperature to about 80°C using, as necessary, a tertiary amine catalyst. 

The other vinyl monomer copolymerizable with the vinyl monomer having a haff ester group or an acid anhydride 
group includes, for example, a hydroxyl group-containing vinyl monomer, a (meth)acryiic acid ester, a vinyl ether and an 
ailyl ether, an olefin compound and a diene compound, a hydrocarbon ring-containing unsaturated monomer and a 

so nitrogen-containing unsaturated monomer, examples of which are shown below. 

Examples of the hydroxyl group-containing vinyl monomer are C 2 .a hydroxyalkyl esters of (meth)acryiic acid, such 
as 2-hydroxyethyi (meth)acryiate, 2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl (meth)acryiate. hydroxybutyl 
(meth)acrylate and the like; monoesters between polyether polyol (e.g. polyethylene glycol, polypropylene glycol or 
polybutylene glycol) and unsaturated carboxylic acid [e.g. (meth)acryiic acid]; monoethers between polyether polyol 

55 (e.g. polyethylene glycol, polypropylene glycol or polybutylene glycol) and hydroxyl group-containing unsaturated mon- 
omer [ag. 2-hydrcxyethyl (meth)acryiate]; monoesters or diesters between acid anhydride group-containing unsatu- 
rated compound (ag. maleic anhydride or itaconic anhydride) and glycol (e.g. ethylene glycol, 1 ,6-hexanediol or 
neopentyi glycol): hydroxyalkyl vinyl ethers such as hydroxy ethyl vinyl ether and the Bke; unsaturated alcohols such as 
aUyj alcohol and the like; adducts between o,p-unsaturated carboxylic acid and monoepoxy compound [e.g. Cardura 
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E10 (trade name, a product of Shell Chemical K.K.) or a-olefin epoxide]; adducts between giycidyl (meth)acrylate and 
monobasic acid (eg. acetic acid, propionic acid, p-tert-butylbenzoic acid or higher fatty acid); and adducts between the 
above-mentioned hydroxy! group-containing monomer and lactone (e.g. s-caprolactone ory-vaJerotactone). 

Examples of the (meth)acrylic acid ester are aikyi or cycioaikyl esters of (meth)acryiic acid, such as methyl 
s (meth)acryiate. ethyl (meth)acrylate, n-propyt (meth)acrylate. isopropyl (meth)acrylate. n -butyl (meth)acryiate, isobutyl 
(meth)acrylate, tert-butyi (meth)acrylate, hexyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, n-octyl (meth)acrytate t 
decyl (meth)acrylate. stearyl (meth)acrylate, lauryi (meth)acrylate. cydohexyl (meth)acrylate, and the like; and C2 M8 
alkoxyalkyl esters of (meth)acryfic acid, such as methoxybutyi (meth)acrylate, methoxy ethyl (meth)acryiate. ethoxybutyl 
(meth)acrylate, and the like. 

10 Examples of the vinyl ether and the ally! ether are chainBke alky I vinyl ethers such as ethyl vinyl ether, n-propyt vinyl 
ether, isopropyl vinyl ether, butyl vinyl ether, tert -butyl vinyl ether, pentyl vinyl ether, hexyl vinyl ether, octyl vinyl ether 
and the like; cycioaikyl vinyl ethers such as cyciopentyl vinyl ether, cydohexyl vinyl ether and the like; aryt vinyl ethers 
such as phenyl vinyl ether, tolyi vinyl ether and the like; aralkyl vinyl ethers such as benzyl vinyl ether, phenethyi vinyl 
ether and the like; and ailyl ethers such as ally! giycidyl ether, ally! ethyl ether and the like, 

15 Examples of the olefin compound and the diene compound are ethylene, propylene, butyl en e, vinyl chloride, buta- 
diene, isoprene and chloroprene. 

Examples of the hydrocarbon ring-containing unsaturated monomer are styrene, a-m ethyl sty rene, phenyl 
(meth)acrylate, phenyl ethyl (meth)acrytate, phenylpropyl (rrteth)acrylate, benzyl (meth)acrylate, phenoxyethyl 
(meth)acrylate, cydohexyl (meth)acrylate, 2-acryloyloxyethyl hydrogenphthaiate, 2-acryloyloxypropyl hydrogenphtha- 

20 late, 2-acryloyloxypropyl hexahydrohydrbgenphthalate. 2-acryloyloxypropyl tetrahydrohydrogenphthalate. an ester 
between p-tert-butylbenzoic acid and hydroxyethyl (meth)acryiate, and dicydopentenyi (meth)acrylate. 

Examples of the nitrogen-containing unsaturated monomer are mono- or di-aikylaminoaikyl (meth)acrylates such 
as N,N-dimethylaminoethyl (meth)acrylate, N,N-di ethyl aminoethyl (meth)acrylate. N-tert-butylaminoethyl (meth)acr- 
ylate, and the like; (meth)acrylamides such as acrylamide, methacrylamide. N-methyl(meth)acryiamide, N- 

25 ethyl (meth)acrylamide, N,N-dimethyl(meth)acryiamide, N,N-dimethylaminopropyl(meth)acrylamide, N,N-dimethylami- 
noethyl(meth)acryiamide and the like; vinyl aromatic nitrogen-containing compounds such as 2-vinylpyridine, 1-vinyl-2- 
pyrrolidone, 4-virrylpyridine and the like; polymerizable nitriles such as acrylonitrile, methacrylonitrile and the like; and 
ally! amine. 

The copolymerization between the half ester group- or add anhydride group-containing vinyl monomer and the * 

30 other vinyl monomer can be conducted by any ordinary process for vinyl monomer polymerization. However, a solution 
type radical polymerization process using an organic solvent is most suitable in view of the wide usability, cost, etc. For 
example, the vinyl monomers are copoiymerized in the presence of a polymerization initiator (e.g. azobisisobutyronitriie 
or benzoyl peroxide) at a temperature of about 60-1 50°C in an organic solvent such as aromatic solvent (e.g. xylene or 
toluene), ketone type solvent (e.g. methyl ethyl ketone or methyl isobutyl ketone), ester type solvent (e.g. ethyl acetate, 

35 butyl acetate, isobutyl acetate or 3-methoxybutyi acetate), alcohol (e.g. n-butanol or isopropyl alcohol) or the like, 
whereby an intended polymer can be obtained easily. 

The proportions of the half ester group- or acid anhydride group-containing vinyl monomer and the other vinyl mon- 
omer, used in their copolymerization can be varied in a wide range depending upon, for example, the desired properties 
of the coating film formed. However, it is appropriate that the half ester group- or acid anhydride group-containing vinyl 

40 monomer is used in an amount of generally 5-40% by weight, preferably 1 0-30% by weight based on the total amount 
of the monomers in view of the curability and storage stability and the other vinyl monomer is used in an amount of gen- 
erally 60-95% by weight, preferably 70-90% by weight on the same basis. When the other vinyl monomer or part thereof 
is styrene, the amount of styrene used is appropriately about 20% by weight or less in view of the weatherability of the 
cured coating film obtained, etc. 

45 The compound (C-1) is particularly preferably an acrylic polymer having a number-average molecular weight of 
2,000-10.000. preferably 2.000-8,000, more preferably 2,000-6.000. 

(C-2): A carboxyl group-containing polyester type polymer having a number-average molecular weight of 1,500-2,000 

so The carboxyl group-containing polyester type polymer can be easily obtained, for example, by a condensation reac- 
tion between a polyhydric alcohol (ag. ethylene glycol, butylene glycol, 1 ,6-hexanedid. trimethyiolpropane or pentaer- 
ythritol) and a poly-carbaxylic acid (ag. aolpic acid, terephthaiic acid, isophthaiic add, phthaiic anhydride or 
h exahydrophthalic anhydride). For example, a carboxyl group-containing polyester type polymer can be obtained by a 
one- step reaction in an excess of carboxyl group (of pdycarboxyiic acid), or by first synthesizing a hydroxyl group-ter- 

55 rrrinated polyester type polymer in an excess of hydroxyl group (of polyhydric aJcohd) and then adding an add anhy- 
dride group-containing compound (ag. phthaiic anhydride, h exahydrophthalic anhydride or sucdrric anhydride). 

It is effective to introduce, into the carboxyl group-containing polyester type pdymer, a hydroxyl group so as to give 
a hydroxyl value of 0-100 mg KOH/g, particularly 10-90 mg KOH/g, in order to improve the compatibility of the polymer 
with the vinyl type polymer (D) and the reactive organopoiysilaxane (E) or to impart, to the polymer, reactivity with the 
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hydrolyzable alkoxysilyl group of the vinyl type polymer (D). The introduction of hydroxy! group can be easily conducted 
by stopping the above-mentioned condensation reaction in an excess of carboxyi group (of polycarboxylic acid), or by 
synthesizing a hydroxy! group-terminated polyester type polymer in an excess of hydroxy! group (of polyhydric alcohol) 
and then adding an acid anhydride group-containing compound in an amount of less than the hydroxy! group of the 
above polyester type polymer. 

(C-3): A relatively low-molecular half ester having a number-average molecular weight of orcfinarily 400-1 ,000, obtained 
by an addition reaction between a polyol and a 1 ,2-acid anhydride 

The half ester can be obtained by reacting a polyol and a 1 ,2-acid anhydride under such conditions that a ring- 
opening reaction of the acid anhydride takes place but substantially no polyester is formed. The reactive product 
obtained generally has a low molecular weight and a narrow molecular weight distribution. It contains small amounts of 
volatile organic substances, and imparts excellent properties (e.g. high luster) to the coating film formed. 

The reaction between the polyol and the 1,2-acid anhydride is conducted generally in a solvent in an inert atmos- 
phere such as nitrogen or the like. Examples of the preferable solvent are ketones such as methyl amyl ketone, 
diisobutyl ketone, methyl isobutyl ketone and the like; aromatic hydrocarbons such as toluene, xylene and the like; 
dimethyiformamide; and N-methylpyrrolidone. 

The reaction temperature is preferably about 150°C or less; specifically, it is ordinarily about 70-1 50°C , preferably 
about 90-120°C . The reaction time is ordinarily about 10 minutes to 24 hours although it can be varied basically 
depending upon the reaction temperature. 

The equivalent ratio of the acid anhydride and the polyol is preferably about 0.8:1 to about 1 .2:1 , particularly about 
1:1 when the acid anhydride is assumed to be monofunctional. With this ratio, a desired half ester can be obtained in 
the maximum amount 

The acid anhydride used in production of the half ester, preferably has about 2-30, particularly 2-20 carbon atoms 
when the carbon atoms of acid moiety are excluded. Examples of such an acid anhydride are aliphatic, alicyciic. olefinic 
or cyclic olefinic acid anhydrides and aromatic acid anhydrides. Substituted aliphatic or substituted aromatic acid anhy- 
drides can be used unless the substituents thereof adversely affect the reactivity of acid anhydride or the properties of 
the half ester obtained from the acid anhydride. Examples of the substituents are halogen atoms, alkyl groups and 
alkoxy groups. 

Specific examples of such an acid anhydride are succinic anhydride, methylsuccinic anhydride, dodecenyl succinic 
anhydride, octadecenylsuccinic anhydride, phthaitc anhydride, tetrahydrophthalic anhydride, methyitetrahydrophthalic 
anhydride, hexahydrophthalic anhydride, aikylhexahydrophthalic anhydrides (e.g. methylhexahydrophthalic anhydride), 
tetrafluorophthalic anhydride, endomethylenetetrahydrophthalic anhydride, chlorendic anhydride, itaconic anhydride, 
citraconic anhydride and maleic anhydride. 

The polyol usable in the reaction with the acid anhydride can have generally 2-20, particularly 2-10 carbon atoms 
and is preferably a diol, a triol or a. mixture thereof. Examples of the polyoi are preferably aliphatic polyols such as eth- 
ylene glycol. 1 ,2-propanediol, 1^3-propanediol, 1,4-butanediol. 1.5-pentanediol. glycerol, 1,2,3-butanetriol, 1,6-hexane- 
diol, neopentyl glycol, diethylene glycol, dipropylene glycol. 1 ,4-cyclohexanedimethanol, 3-methyl-1 t 5-pentanediol, 
trimethylolpropane. 2.2.4-trimethylpentane-1.3-diol, pentaerythritol and 1,2,3.4-butanetetraol. It is possible to use an 
aromatic polyol such as bisphenol A, bis(hydroxymethyl)xylene or the like. 

Of the above-mentioned carboxyi group-containing compounds (C), particularly preferable are the vinyl type poly- 
mer (C-1 ) and the naif ester (C-3). 

Vinvl tvoe poivmer (D) containing, in the molecule, an eooxv group, a hvdroxvl g roup and a hyrirniyyahlp alknyygiiyl 

The vinyl type polymer (D) used in the high-solid-content coating composition can be obtained, for example, by 
copoiymerizing an epoxy group-containing vinyl monomer, a hydroxyl group-containing vinyl monomer, a hydrolyzable 
alkoxysilyl group-containing vinyl monomer and other vinyl monomer by an ordinary process similar to that mentioned 
for the compound (C-1). 

Herein, "hydrolyzable alkoxysilyl group* includes hydrolyzable reactive silyi groups (functional groups) represented 
by the following general formula: 
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<** >a 
Si— 4R 5 ) 3 . a 

(wherein R 4 is a hydrogen atom, an aikyl group, an aryl group or an aralkyl group; R 5 is a halogen atom, an aikoxy 

w group, an acyloxy group, a phenoxy group, an irrtinoxy group or an aitenyioxy group; and a is 0. 1 or 2), such as haiosityt 
group, alkoxysilyl group, acyloxysilyi group, phenoxysilyi group, iminoxysflyl group, alkenyloxysiiyl group and the like. 

The epoxy group-containing vinyl monomer used in the above copolymerization includes, for example, giycidyt 
(meth)acryiate and allyl glycidyl ether. As the hydroxy! group-containing vinyl monomer, there can be used, for example, 
those compounds mentioned with respect to the production of the compound (C-1). The hydrolyzabie alkoxysilyl group- 

75 containing vinyl monomer includes, for example, vinyttrimethoxysilane. vinylmethyidmethoxysilane, vinyttriethoxysi- 
lane, vinylmethyidiethoxysilane. vinyrtris(2-methoxyethoxy)siiane, y-(meth)acryloyloxypropyitrimethoxysilane, y- 
(methjacryloyloxypropylmethyldimethoxysilane, vinyltriacetoxysilane, p-(meth)acryloyloxyethyltrimethoxysilane. y- 
(meth)acryioyioxypropyrtriethoxysitane and y-(meth)acryloyioxyprcpylmethyldiethoxysilane. Of these, preferable are 
those compounds whose hydrolyzabie alkoxysilyl group is a triethoxysilyl group or a methyidiethoxysilyl group, such as 

20 vinyltriethoxysilane, "vinylmethyidiethoxysilane. y-(meth)acryloyloxypropyltriethoxysiiane and y(metri)acryloyloxyprapyl- 
methyldiethoxysilane in view of the low-temperature curability and storage stability. As the other vinyl monomer, there 
can be used those compounds mentioned with respect to the production of the compound (C-1). 

The proportions of the epoxy group-containing vinyl monomer, the hydroxy! group-containing vinyl monomer, the 
hydrolyzabie alkoxysilyl group-containing vinyl monomer and the other vinyl monomer used in their copolymerization 

25 are as follows. The proportion of the epoxy group-containing monomer can be 5-60% by weight, preferably 10-40% by 
weight based on the total weight of the total monomers in view of the curability and storage stability of the high-solid- 
content coating composition obtained. The proportion of the hydroxyl group-containing vinyl monomer can be 3-50% by 
weight preferably 5-30% by weight on the same basis in view of the curability and storage stability of the high-soiid- 
content coating composition obtained. The proportion of the hydrolyzabie alkoxysilyl group-containing vinyl monomer 

30 can be 3-40% by weight preferably 5-20% by weight on the same basis in view of the curability and cost of the high- 
solid-content coating composition obtained. The proportion of the other vinyl monomer can be 10-80% by weight, pref- 
erably 20-50% by weight on the same basis. When the other vinyl monomer or part thereof is styrene, the amount of 
styrene used is appropriately about 20% by weight or less based on the total weight of the total monomers in view of 
the weatherabiiity of the cured film obtained. 

35 The vinyl type polymer (D) can generally have an epoxy group in an amount of 0.5-5 mM/g, preferably 0.6-3 mM/g, 
more preferably 0.8-2.5 mM/g, a hydroxyl group in an amount of 1 0-200 mg KOH/g, preferably 20-1 60 mg KOH/g, more 
preferably 30-120 mg KOH/g, and a hydrolyzabie alkoxysilyl group in an amount of 0.3-5 mM/g, preferably 0.6-4 mM/g, 
more preferably 1 .0-3 mM/g. 

The vinyl type polymer (D) is particularly preferably an acrylic polymer having a number-average molecular weight 
40 of 2,000-10,000, particularly 2,000-8.000, more particularly 2,000-6,000. 

Reactive oraanooolvsiloxane (E) 

The reactive organopoiysiloxane (E) used in the high-sofid-corrterrt coating composition is a compound having a 
45 reactive functional group and an organic group at the side chain, terminal or both of the polysiloxane chain. The reactive 
organopoiysiloxane is a component used for imparting high acid resistance and abrasion resistance to the coating film 
obtained with the high-solid-content coating composition; has no particular restriction as to its type as long as it is com- 
patible with the compound (C) and the polymer (D); and can have any of linear, branched, net-like and ring-like struc- 
tures. 

so The organic group includes, for example, hydrocarbon groups such as aikyl group, aikenyl group, aryl group and 
the like A methyl group, a vinyl group, a phenyl group, etc. are preferable in practical application in view of the cost etc. 

The reactive functional group includes, for example, a silanol group, an alkoxysilyl group, an alcoholic hydroxyl 
group, a glycidyl group, an amino group, a mercapto group, a carboxyl group, an amido group, a vinyl group and a 
(meth)acryioxy group. Of these, an alkoxysilyl group, an aicohlic hydroxy! group and a glycidyl group are preferable. 

ss The molecular weight of the reactive organ opdysiloxane (E) can be appropriately determined in a range in which 
the polysiloxane has compatibility with the compound (C) and the polymer (D), and cannot be specified generally; how- 
ever, it is appropriately in the range of generally 100-10,000, preferably 200-7,500, more preferably 300-5,000 in terms 
of number-average molecular weight 

The number of silicon atoms present in the molecule of the reactive organopoiysiloxane (E) is not strictly restricted. 
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but is preferably 2-300. particularly 2-100, more particularly 3-50. 

As the reactive organopolysiloxane (E), there can be used a per se known compound. Specific examples thereof 
are those disclosed in Japanese Patent Application Kokaj (Laid -Open) No. 43696/1993. Japanese Patent Application 
Kokai (Laid-Open) No. 70509/1995. etc. The reactive organopolysiloxane (E) can be used in a single compound or in 
s combination of two or more compounds. 

Cross! inked polymer fine particles (R 

The crosslinked polymer fine particles (F) used in the high-solid-content coating composition is an internally 
10 crosslinked particulate polymer which has no compatibility with the carboxyi group-containing compound (C), the vinyl 
type polymer (D) containing, in the molecule, an epoxy group, a hydroxy! group and a hydrolyzable alkoxysiiyl group, 
the reactive organopolysiloxane (E) or solvents but which is stably dispersible therein. The crosslinked polymer fine par- 
ticles (F) are added to a mixture of the components (C). (D) and (E) to impart thixotropy thereto. 

The mixture of the components (C), (D) and (E) shows substantially Newtonian flow; therefore, the mixture pro- 
75 duces various coating film defects such as sagging, cissing and the like, for example, when the mixture is coated on the 
vertical side of a substrate or when the coated substrate is subjected to temperature elevation for baking. However, 
when the crosslinked polymer fine particles (F) are added to the mixture, the resulting material is substantially free from 
the above-mentioned coating film defects. That is, the material containing the component (F), although its apparent vis- 
cosity is large when allowed to stand, has a sufficiently low viscosity when a shear stress is applied thereto, for example, 
20 during spraying, enabling easy spraying operation without giving rise to sagging; moreover, already in several seconds 
to several minutes after coating on a substrate, the material containing the component (F) exhibits thixotropy and gives 
rise to no cissing or the like. 

As the crosslinked polymer fine particles (F) having the above-mentioned effects, there can be used per se known 
intra-molecularly crosslinked polymer fine particles obtained by aqueous emulsion or aqueous suspension polymeriza- 

25 tion or non-aqueous dispersion polymerization. Of these, intra-molecularly crosslinked polymer fine particles obtained 
by aqueous emulsion or aqueous suspension polymerization can be separated in a solid form by a physical or chemical 
means such as vaporization or azeotropic distillation of water, precipitation or flocculation of polymer particles, or the 
like. In carrying out such a physical or chemical means, the medium for crosslinked polymer fine particles to be obtained 
may be changed directly from water to a resin, an organic solvent or the like. 

30 As the crosslinked polymer fine particles (F), there can be preferably used those obtained, for example, by emul- 
sion-polymerizing, according to the disclosure made in Japanese Patent Application Kokai (Laid-Open ) No. 
66770/1991 (= U.S. Patent No. 5,348,998), a polymerizabie monomer having, in the molecule, at least two radical- 
polymerizable unsaturated groups and other radical-polymerizable unsaturated monomer in the presence of a reactive 
emulsrfier having an ally! group in the molecule. In this case, the resulting polymer fine particles are internally 

35 crosslinked by the polymerizabie monomer having, in the molecule, at least two radical-polymerizable unsaturated 
groups. 

As the crosslinked polymer fine particles (F), there can also be preferably used a non-aqueous dispersion of poly- 
mer fine particles insoluble in the organic solvent used as a polymerization solvent, obtained, for example, by polymer- 
izing, according to the disclosure made in Japanese Patent Application Kokai (Laid-Open ) No. 95116/1989 (= U.S. 

40 Patent No. 5.198,503), a radical-polymerizable unsaturated monomer in an organic solvent in the presence of a poly- 
mer resin (acting as a dispersion stabilizer) containing, as an essential monomer component, an alkoxysiiyl group-con- 
taining vinyl monomer. In this case, the resulting polymer fine particles are internally crosslinked by the alkoxysiiyl 
group-containing vinyl monomer, and their internal crossiinking can be further enhanced by using, as part of the radical- 
polymerizable unsaturated monomer, a polymerizabie monomer having, in the molecule, at least two radical -polymer- 

45 izabl e unsaturated groups. 

These crosslinked polymer fine particles have a high crosslink density; show substantially no swelling or no fusion- 
bonding even in a solvent having a high solvency for polymers, such as toluene, ethyl acetate or the like; moreover, 
when added to a binder resin solution or dispersion containing a solvent of high solvency, can give a high-solid-content 
solution or dispersion of high resin content without increasing the viscosity of the binder resin solution or dispersion. 

so Further, such a composition containing the crosslinked polymer fine particles can form, after drying, a cured coating film 
of the polymer fine particles and the binder resin. 

The crosslinked polymer fine particles (F) appropriately have an average particle diameter of generally 0.01-2 pm, 
preferably 0.03-1 urn, more preferably 0.05-O.5 urn. 

In preparing, in the step (3), a high-solid -content coating composition from the above-mentioned components, i.e. 

55 the carboxyi group-containing compound (C). the vinyl type polymer (D) containing, in the molecule, an epoxy group, a 
hydroxy! group and a hydrolyzable alkoxysiiyl group, the reactive organopolysiiaxane (E) and the crosslinked polymer 
fine particles (F), these components are preferably used in the following proportions. That is. the compound (C) and the 
polymer (D) can be used in an equivalent ratio of the carboxyi group of the former and the epoxy group of the latter, of 
1 :0.5 to 0.5:1 ; the reactive organopolysiloxane (E) can be used in an amount of 3-50 parts by weight per 100 parts by 
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weight of the total of the compound (C) and the polymer (D); and the crosslinked polymer fine particles (F) can be used 
in an amount of 1 -20 parts by weight per 100 parts by weight of the total of the compound (C). the polymer (D) and the 
reactive organopoJysiloxane (E). 

More preferably, the compound (C) and the polymer (D) can be used in an equivalent ratio of the carboxyl group of 

5 the former and the epoxy group of the fatter, of 1 :0.6 to 0.6: 1 , particularly 1 ."0.8 to 0.8: 1 ; the reactive organopolyaioxane 
(E) can be used in art amount of 4-40 parts by weight, particularly 5-30 parts by weight per 100 parts by weight of the 
total of the compound (C) and the polymer (D); and the crosslinked polymer fine particles (F) can be used in an amount 
of 1-15 parts by weight, particularly 1-10 parts by weight per 100 parts by weight of the total of the compound (C). the 
polymer (D) and the reactive organopolysiloxane (E). 

10 The high-solid-content coating composition used in the step (3) may further comprise a curing catalyst as neces- 
sary. The curing catalyst includes a catalyst which is effective for the crossiinking of carboxyl group and epoxy group, 
such as quaternary salt (e.g. tetraethylammonium bromide, tetrabutyiammonium bromide, tetraethylammonium chlo- 
ride, tetrabutylphosphonium bromide or triphenyfbenzytphosphonium chloride) or amine (e.g. triethylamine or trib- 
utylamine). Of these, a quaternary salt catalyst is preferable. A mixture of such a quaternary salt and about the same 

is equivalent of a phosphate compound (eg. monobutyl phosphate or dibutyl phosphate) is more preferable because the 
mixture, without impairing the catalytic activity of the quaternary salt can improve the storage stability of the coating 
composition and can prevent the reduction in spray coatabiiity of coating composition, caused by reduction in electrical 
resistance of coating composition. 

The curing catalyst also includes a catalyst which is effective for the crossiinking of hydrolyzable alkoxysilyl group 

20 (e.g. triethoxysilyl group), such as tin compound (e.g. dibutyltin dilaurate or dibutyltin diacetate), titanium compound 
(e.g. tetrabutyl titanate) or amine (e.g. triethylamine or tributylamine). 

The above two kinds of curing catalysts can be used singly or in combination thereof, but are desirably used in com- 
bination in view of the curability and abrasion resistance of the coating composition. 

The high-solid-content coating composition used in the step (3) may further comprise, as necessary, a dehydrating 

25 agent such as trimethyl orthoacetate or the like in order to suppress the deterioration of the composition caused by the 
water present in the solvent used therein or in air. 

The high-solid-content coating composition may furthermore comprise, as necessary, resins such as polyester 
resin, alkyd resin, silicone resin, fluororesin and the like. The coating composition may also comprise a small amount 
of a crossiinking agent such as melamine resin, blocked isocyanate or the lika The coating composition may also com- 

30 prise, as necessary, ordinary additives for coatings, such as ultraviolet absorber, antioxidant surface conditioner, 
defoaming agent and the lika 

The high-sclid-content coating composition is used ordinarily in the form of an organic solvent type coating compo- 
sition. The organic solvent used therein may be an organic solvent used in coatings, such as aromatic or aliphatic 
hydrocarbon type solvent, alcohol type solvent, ester type solvent, ketone type solvent, ether type solvent or the like. 

35 The organic solvent used in the coating composition may be the solvent per se, used in the production of the polymer 
used in the composition, or may be further added as necessary. The solid content of the coating composition can be 
generally 40-80% by weight, preferably 50-75% by weight 

The high-solid-content coating composition can be applied onto the cured film of the aqueous coating composition, 
formed in the step (2) according to the first aspect of the present invention; or. can be applied onto the uncured film of 

40 the aqueous coating composition, formed in the step (2) according to the second aspect of the present invention by 
applying the aqueous coating composition and then simply air-drying the resulting film at a temperature from room tem- 
perature to 100°C (substantially no heat-curing takes place) to remove nearly the whole portion of the water contained 
in the film. There is no particular restriction as to the method of application of the high-solid-content coating composi- 
tion, and there can be used any ordinary application method such as air spray coating, airless spray coating, air spray 

45 electrostatic coating, airless spray electrostatic coating, rotary atomization electrostatic coating or the like. 

There is no particular restriction, either, as to the thickness of the film of the high-solid-content coating composition, 
but an appropriate film thickness is generally about 10-80 urn. preferably 25-50 urn as cured. 

The conditions for curing the film of the high-soiid-content coating composition can be those under which the film 
of the coating composition can be cured; for example, when two-coat two-bake is employed according to the first aspect 

so of the present invention, about 1 20-1 70° C and about 1 0-60 minutes can be adopted. 

SteoW 

The curing temperature used for simultaneously curing, in the two-coat one-bake system, the first top coat f flm and 
55 the second top coat fflm formed with the aqueous coaling composition and the high-soiid-content coating composition 
in the step (2) and the step (3) according to the second aspect of the present invention, can be generally about 120- 
1 70°C at which the two coating f 3ms can be cured. The heating time for the simultaneous curing can be generally about 
5-60 minutes. Thus, the two coating films can be cured simultaneously. 

The above-mentioned coating method of the present invention is simple to apply, can give a coating film very supe- 
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rior in appearance, corrosion resistance, weathering resistance, chipping resistance, etc.. and contributes to resource 
saving and reduced public hazard. Said method can be widely utiGzed in coating of automobiles, bicydes, electric appli- 
ances, etc. 

The present invention is hereinafter described more specifically by way of Examples. In the following, % refers to 
5 % by weight 

[Preparation of samples] 

Production of cationic electrodeoositable coating compositions 

10 

Production of polyurethane-modif ied epoxv resin-amine adduct ( K) 

Into a flask equipped with a stirrer, a thermometer, a nitrogen inlet tube and a reflux condenser were fed 666 g of 
isophorone diisocyanate (a product of Daicel-Huls Ltd.). 269 g of methyl isobutyl ketone, 118 g of ethylene glycol 

is monobutyl ether and 0.2 g of dibutyltin dilaurate. They were reacted in a nitrogen atmosphere at 70°C until the isocy- 
anate group concentration became 6.38 mM/g. Thereto was added 1 ,634 g of Placcel 208 (a polyester polyol obtained 
by ring opening of cyclic lactone, having OH equivalents of 409, a product of DAI CEL. CHEMICAL INDUSTRIES, LTD.). 
after which a reaction was conducted in a nitrogen atmosphere at 70°C until the isocyanate group concentration 
became 0.414 mM/g to obtain a viscous urethane prepolymer solution. 

20 Separately, into a flask equipped with a stirrer, a thermometer, a nitrogen inlet tube and a reflux condenser were 
fed 775 g of bisphenol A diglycidyl ether having epoxy equivalents of 190. 237 g of bisphenoi A and 13.5 g of methyl- 
benzylamine. They were reacted at 1 10°C until the epoxy concentration became 1 .85 mM/g, to obtain an epoxy resin 
having a number-average molecular weight of 1 ,025 and epoxy equivalents of 539. 

To this epoxy resin was added 1,333 g of the urethane prepolymer solution obtained above. They were reacted in 

25 a nitrogen atmosphere at 90°C until no isocyanate group remained. The reaction mixture was diluted with 378 g of eth- 
ylene glycol monobutyl ether, followed by addition of 200 g of diethanol amine. The mixture was subjected to a reaction 
at 90°C until no epoxy group remained. The reaction mixture was diluted with ethylene glycol monobutyl ether to a solid 
content of 75% to obtain a polyurethane-modified epoxy resinamine adduct solution (A) having primary hydroxy! group 
equivalents of 638 and an amine value of 46.3. 

30 

Production of non ionic acrylic resin ( B) 



35 





(1) Butyl ceilosotve 


26 parts 




(2) 80% polyester monomer (FM-3X. a product of DAICEL CHEMICAL INDUSTRIES. LTD.) 


37.5 parts 




(3) Styrene 


40 parts 


40 


(4) Hydroxyethyl methacrylate 


25 parts 




(5) n-Butyl methacrylate 


5 parts 




(6) AIBN (azobisisobutyronitrile) 


4 parts 


45 


(7) Butyl cellosolve 


5 parts 




(8) Azobisdimethylvaleronitrile 


0.5 part 




(9) Ceilosotve 


23 parts 



The component (1) was heated to 130°C. Thereto were dropwise added the components (2) to (6) at 130°C in 5 
hours. The mixture was kept at 130°C for 2 hours. There to were dropwise added the components (7) and (8) at 130°C 
in 2 hours. The mixture was kept at 130°C for 2 hours. Then, the component (9) was added, followed by cooling, 
whereby was obtained an acrylic resin solution (B) having a solid content of 62% and a number-average molecular 
ss weight of about 5,000. 

Production of dear cationic electrodeoositable coating composition (l-a) 

52 g (as solid content) of the resin (A), 23 g (as solid content) of the resin (B) (both obtained above) and 25 g (as 



17 




EP 0 785 034 A1 

solid content) of methyl ethyl ketoxime-bJocked isophorone diisocyanate (a crosslink! ng agent) were compounded. 
Thereto were added 1 g of a polypropylene glycol (SAN NIX PP 4000. a product of Sanyo Chemical Industries. Ltd.). 
0.82 g of formic acid and 1 g of lead acetate (all the amounts are per 100 g of the solid content of the above-com- 
pounded resin composition). To the mixture was gradually added deionized water with stirring at 40°C, to give rise to 

5 dispersion to obtain a stable emulsion having a resin solid content of 30%. To the emulsion were added 3 g of basic 
lead silicate, 2 g of dfleutyftin oxide and 1 g of a nonionic surfactant [Noigen EA-142B (trade name), a product of Daiichi 
Kogyo Seiyaku Co., Ltd.] (all the amounts are per 100 g of the resin solid content of the emulsion). The mixture was 
subjected to dispersion of components by the use of a ball mill until the particle sizes became 10 p. or smaller, followed 
by dilution with deionized water until the resin solid content became 1 5%. Thus, a clear cationic electrodepositable coat- 

10 ing composition (l-a) was obtained. 

Production of cationic electrodepositable coating compositio n H-b) for comparison 

52 g (as solid content) of the resin (A), 23 g (as solid content) of the resin (B) (both obtained above) and 25 g (as 
75 solid content) of methyl ethyl ketoxime-blocked isophorone diisocyanate (a crosslinking agent) were compounded. 
Thereto were added 1 g of a polypropylene glycol (SANNIX PP4000, a product of Sanyo Chemical Industries, Ltd.). 
0.82 g of formic acid and 1 g of lead acetate (all the amounts are per 100 g of the solid content of the above-com- 
pounded resin composition). To the mixture was gradually added deionized water with stirring at 40°C, to give rise to 
dispersion to obtain a stable emulsion having a resin solid content of 30%. To the emulsion were added 3 g of basic 
20 lead silicate. 1 3 g of titanium dioxide, 0.3 g of carbon, 3 g of clay. 2 g of dibutyltin oxide and 1 g of a nonionic surfactant 
[Noigen EA-1 42B (trade name), a product of Daiichi Kogyo Seiyaku Co., Ltd.] (all the amounts are per 100 g of the resin 
solid content of the emulsion). The mixture was subjected to dispersion of components by the use of a ball mill until the 
particle sizes became 10 ji or smaller, followed by dilution with deionized water until the resin solid content became 
15%. Thus, a cationic electrodepositable coating composition (I-b) for comparison was obtained. 

25 

Production of aqueous coating compositions (M-1) and fS-11 
Production of acrvlic resin aqueous dispersion (W-H 

30 In a reactor were fed 140 parts of deionized water, 2.5 parts of 30% Newcol 707SF (see Note 1 below) and 1 part 
of the following monomer mixture (1). They were stirred in a nitrogen atmosphere. Thereto was added, at 60°C in 4 
hours by the use of a metering pump, a monomer emulsion consisting of 79 parts of the following monomer mixture (1), 
4 parts of 3% ammonium persulfate and 42 parts of deionized water. Then, aging was conducted for 1 hour. 

To the reactor were fed 20.5 parts of the following monomer mixture (2) and 4 parts of 3% ammonium persulfate 

35 simultaneously but in parallel at 80°C in 1 .5 hours. Then, aging was conducted for 1 hour. Thereafter, filtration through 
200-mesh nylon cloth was conducted at 30°C. To the filtrate was added deionized water, and the mixture was adjusted 
to pH 7.5 with dimethylaminoethanol to obtain an acrylic resin aqueous dispersion (W-1) having an average particle 
diameter of 0.1 a glass transition temperature (Tg) of 46°C and a non-volatile content of 20%. 

40 
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Monomer mixture (1) 


Methyl methacrylate 


55 parts 


Styrene 


10 parts 


n- Butyl acrylate 


9 parts 


2- Hydroxy ethyl acrylate 


5 parts 


Methacrylic acid 


1 part 


Monomer mixture (2) 


Methyl methacrylate 


5 parts 


n- Butyl acrylate 


7 parts 


2-Ethylhexyl acrylate 


5 parts 


Methacrylic acid 


3 parts 


30% Newcol 707SF (Note 1) 


0.5 part 


(Note 1: 30% Newcol 707SF is a surfactant pro- 


duced by Nippon Nyukazai Go. t Ltd.} 



25 

Production of acrylic resin aqueous solution (W-2) 

Into a reactor were fed 60 parts of butyl ceilosoive and 1 5 parts of isobutyl alcohol. They were heated to 11 5°C in 
a nitrogen atmosphere. Thereto was added, in 3 hours, a mixture consisting of 26 parts of n-butyl acrylate, 47 parts of 

30 methyl methacrylate. 10 parts of styrene, 10 parts of 2-hydroxyethyl methacrylate. 6 parts of acrylic acid and 1 part of 
azobisisobutyronitrila Aging was conducted at 1 15°C for 30 minutes. Thereto was added, in 1 hour, a mixture consist- 
ing of 1 part of azobisisobutyronitrile and 115 parts of butyl ceilosoive. Aging was conducted for 30 minutes, nitration 
through a 20-mesh nylon cloth was conducted at 50°C. The resulting reaction product had an acid value of 48, a vis- 
cosity of Z4 as measured by a Gardner-Holdt bubble viscometer, a non-volatile content of 55% and a Tg of 45°C. The 

35 product was neutralized with dimethylaminoethanol in equal equivalents, followed by addition of deionized water to 
obtain a 50% acrylic resin aqueous solution (W-2). 

Production of metallic aqueous coating composition (M-1 ) 





Acrylic resin aqueous dispersion (W-1 ) 


275 parts 


45 


Acrylic resin aqueous solution (W-2) 


40 parts 




Cymel 350 (amino resin, a product of Mitsui Toatsu Chemicals. Inc.) 


25 parts 




Aluminum paste (AW-500B, a product of Asahi Chemical Metals Industry Co., Lid.) 


20 parts 




Butyl ceilosoive 


20 parts 


50 


Deionized water 


253 parts 



The above materials of the above proportions were mixed. Thereto was added ThixoJ K-130B (a thickener, a prod- 
55 uct of Kyoeisha Chemical Co.. Ltd.) and the viscosity of the mixture was adjusted to 3,000 cps as measured by a Brook- 
field viscometer (rotor rpm = 6 rpm) to obtain a metallic aqueous coating composition (M-1) having a non-volatile 
content of about 1 9%. 
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Production of white aqueous coating composition (S-1) 



70 



Acrylic resin aqueous solution (W-2) 


40 parts 


Titanium dioxide 


100 parts 


Butyl ceJIosolve 


20 parts 



75 



20 



The above materials of the above proportions were dispersed to particle sizes of 5 u. or smaller by the use of a peb- 
ble mill. Thereto were added the following materials of the following proportions. 



Acrylic resin aqueous dispersion (W-1) 

CymeJ 350 (amino resin, a product of Mitsui Toatsu Chemicals, Inc.) 
Deionized water 



275 parts 
25 parts 
111 parts 



25 



30 



35 



The mixture was subjected to viscosity adjustment to 2,500 cps in the same manner as above, to obtain a white 
aqueous coating composition (S-1) having a non-volatile content of about 30%. 

Production of high-solid -content coating compositions 

Production of half ester (C-1) bv addition reaction of polvol and 1 ,2-acid anhydride 

Into a 5-liter glass flask equipped with a stirrer, a thermometer and a cooler were fed 236 parts of 3-methyi-1 ,5-pen- 
tanediol, 134 parts of trimethyloipropane, 1,078 parts of hexahydrophthalic anhydride and 780 parts of xylene. The 
flask contents were heated to 120°C in a nitrogen atmosphere to give rise to a reaction. The reaction mixture was kept 
at that temperature for 4 hours and then cooled to obtain a solution of a half ester (C-1), having a solid content of 65%, 
a Gardner viscosity (25°C) of R and an acid value of 271 mg KOH/g. 

Production of vinyl type polymer (D-1) having epoxv group, hvdroxvl group and hydro] vzabie aJkoxvsilvl group 

Into a 5-liter glass flask equipped with a stirrer, a thermometer and a cooler were fed 410 parts of xylene and 77 
parts of n-butanol. The flask contents were heated to 125°C by the use of an electric mantle heater. Thereto was drop- 
wise added, at that temperature, a mixture having the following monomer composition, in 4 hours at a constant rate. 
Incidentally, azobisisobutyronrtrile in the mixture is a polymerization initiator. 



45 



50 



Giycidyl methacrylate 


504 parts (35%) 


4-Hydroxy-n-butyl acrylate 


21 6 parts (15%) 


7-MethacryloxypropyrtriethQxysilane 


216 parts (15%) 


n-8utyl acrylate 


216 parts (15%) 


Styrene 


288 parts (20%) 


Azobisisobutyrorritri le 


72 parts 



55 



Then, aging was conducted for 30 minutes. Thereto was dropwise added, in 2 hours, a mixture of 90 parts of 
xylene, 40 parts of n-butanol and 14.4 parts of azob isisobutyronrtril e. Thereafter, aging was conducted for 2 hours to 
obtain a solution of an acrylic polymer (D-l)(final polymerization degree = 100%). 

The polymer solution had a polymer solid content of 70% and a Gardner viscosity (25° C) of V. The polymer had a 
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number-average molecular weight of 2.000, an epaxy group content of 2.12 mM/g, a hydroxy! value of 78 mg KOH/g 
and an ethoxysilyi group content of 1 .55 mM/g. 

Production of vinvl type polvmer ( for comparison having eooxv group and hydroxy! group 

5 

A solution of an acrylic polymer (D-2) (final polymerization degree = 100%) was obtained in the same manner as 
in production of the vinyl polymer (D-1) except that the monomer composition was changed to the following. 



Glycidyi methacrylate 


432 


parts 


(30%) 


4- Hydroxy- n-butyi acrylate 


288 


parts 


(20%) 


n- Butyl acrylate 


432 


parts 


(30%) 


Styrene 


288 


parts 


(20%) 



The polymer solution had a polymer solid content of 70% and a Gardner viscosity (25°C) of U. The polymer had a 
number-average molecular weight of 2,000, an epaxy group content of 2.12 mM/g, a hydroxy! value of 78 mg KOH/g 
20 and an alkoxysilyl group content of 0 mM/g. 

Production of vinvl type polvmer ( for comparison having eooxv group 

A solution of an acrylic polymer (D-3) (final polymerization degree = 1 00%) was obtained in the same manner as 
25 in production of the vinyl polymer (D-1) except that the monomer composition was changed to the following. 



Glycidyi methacrylate 


432 parts (30%) 


n-Butyl acrylate 


720 parts (50%) 


Styrene 


288 parts (20%) 



35 The polymer solution had a polymer solid content of 70% and a Gardner viscosity (25°C) of S. The polymer had a 
number-average molecular weight of 2,000, an epoxy group content of 2.12 mM/g, a hydroxy! value of 0 mg KOH/g and 
an alkoxysilyl group content of 0 mM/g. 

Production of crosslinked polvmer fine pa rticles (F-1) 

40 

Into a 1 -liter flask equipped with a stirrer, a thermometer, a cooler and a mantle heater were fed 3,547.5 parts of 
deionized water and 20 parts of 50% Latemul S-120A (trade name, a sulfosuccinic acid type allyl group-containing ani- 
onic reactive emulsifier, a product of Kao Corporation). The flask contents were heated to 90°C with stirring. Thereto 
was added 20% of a solution of 12.5 parts of a water-soluble azoamide polymerization initiator "VA-086" (trade name. 
45 2,2'-azobis[2-methyi-N-(2-hydroxyethyl)-propionamide] ( a product of Wako Pure Chemical Industries, Ltd.) dissolved in 
500 parts of deionized water. 15 minutes later, there was added 5% of a monomer mixture consisting of 150 parts of 
styrene. 550 parts of methyl methacrylate. 150 parts of n-butyl acrylate. 50 parts of 2-hydroxyethyl acrylate and 100 
parts of 1 ,6-hexanediol diacrylate. The resulting mixture was stirred for 30 minutes, after which the dropwise addition 
of the remaining monomer mixture and the remaining aqueous polymerization initiator solution was started. The drop- 
so wise addition of the monomer mixture was conducted in 3 hours and the dropwise addition of the aqueous polymeriza- 
tion initiator solution was conducted in 3.5 hours with the system temperature being kept at 90°C to give rise to 
polymerization. After the completion of the dropwise addition of the aqueous polymerization initiator solution, the sys- 
tem was kept at 90°C for 30 minutes. Then, the system was cooled to room temperature and filtered through a filter 
cloth to obtain an aqueous dispersion of crosslinked polymer fine particles, having a solid content of 20%. 
55 The aqueous dispersion was dried on a stainless steel vat in a hot air type electric drier of 60°C to obtain a solid 
resin. The solid resin was cfispersed in a xyiene/n-butyl alcohol (50/50 by weight) mixed solvent of 60°C to obtain a dis- 
persion of crosslinked polymer fine particles (F-1), having a solid content of 15%. 

The dispersion had a Gardner viscosity (25°C) of A2. The crosslinked polymer fine particles had an average parti- 
cle diameter of 70 nm as measured by Nanosizer N-4. a product of Coulter Co. 
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Production of hiqh-soHd-content coating compositions (3-a) to (3-el 

Five mixed resin solutions were prepared according to the formulations (expressed in solid content) shown in Table 
1. To each solution were added 2 parts of an equal equivalent mixture of tetrabutyl ammonium bromide and monobutyi 
phosphate, 1 part of Tmuvin 900 (trade name, ultraviolet absorber, a product of Ciba-Geigy Japan Ltd.) and 0.1 part of 
BYK-300 (trade name; surface conditioner, a product of Big Chemie Co.). after which Swasoi 1000 (trade name, hydro- 
carbon solvent a product of Cosmo Oil Co.. Ltd.) was added for viscosity adjustment to 25 seconds as measured at 
20°C by Ford Cup #4, to obtain high-soiid-content coating compositions (3-a) to (3-e). The solid content of each com- 
position at the time of application is shown in Table 1 . 
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[Examples 1-3 and Comparative Examples 1-7] 

A zinc phosphate-treated iron plate (a material to be coated) was dipped in a cationic electrocoatable coating com- 



23 



EP0 785t)34 A1 



position bath. An electric current was allowed to flow between the iron plate and an anode (an opposite electrode) for 
3 minutes at such a voltage that the formed electrocoating film had a thickness of 20 n after baking. The resulting iron 
plate was water-washed and then heated at 1 70°C for 20 minutes in an atmosphere containing 1 0 ppm of N0 2 . to cure 
the electrocoating fflm. On the electrocoating film was applied, as a first top coat the aqueous coating composition (M- 
1) or (S-1) by the use of a spray gun (Deviibiss SGA 502. 25°C. 70% humidity) so that the formed film had a thickness 
(as cured) of 1 0-20 n-(M-1 ) or 25-40 u (S-1 ), after which the film was dried under the baking conditions shown in Table 
2. On the thus-formed film of the aqueous coating composition was applied, as a second top coat one of the high-solid- 
conterrt coating compositions (3-a) to (3-e) by air spray coating so that the formed film had a thickness (as dried) of 40 
jim, after which the film was cured under the baking conditions shown in Table 2. 

The above coating steps and the evaluations of the formed coating f 3ms are shown in Table 2. 
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55 Notes fcrTabte? 

(*1) Intermediate coating of conventional type 

This is an intermediate crating of solvent-based amino-aikyd resin type. It was coated on the cured fflm of eiec- 
trodepositabie coating composition, by the use of a spray coaler so as to give a coating film of 30 p. as cured, and 
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then cured at 140°C for minutes. 
(*2) Top coating of conventional type 

This is a dear coat of organic solvent-based termosetting acrylic resin type (Magicron HK-1, a product of Kan- 
sai Paint Co.. Ltd.). It was coated on the uncured film of base coat [aqueous coating composition (M-1)] so as to 
5 give a coating film of 40 p. as cured, followed by heating at 150°C for 30 minutes to simultaneously cured the pre- 

viously-formed base coat film and the newly-formed clear coat film. 

Coatabiirty was tested as follows. 

w Pinhole-free film thickness 

A maximum film thickness (jam) was measured at which no pinhole was formed when coating was made on a ver- 
tical plane at rest. 

15 SaoQinQ-free film thickness 

A maximum film thickness (|im) was measured at which no sagging occurred when coating was made on a vertical 
plane at rest. 

Performances of each coating film formed were tested as follows. 

• 20 

Rat portion finishing 

Measured by the use of a portable distinctness-of-image-gloss meter (PGD-IV Model, a product of JAPAN COL- 
OUR RESEARCH INSTITUTE). A larger value indicates better distinctness of image gloss. 

25 

Exposure durability 

A coated plate was exposed to 200-hour accelerated exposure in a sunshine weatherometer (light amount = 1 . 100 
K Joule/m 2 .hr), followed by immersion in water of 40°C for 24 hours. This test (1 cycle) was conducted 25 times (25 
30 cycles). On the resulting coated plate were formed 100 squares of 2 mm x 2 mm by cutting, a tape was adhered ther- 
eon, and the tape was peeled, in accordance with J IS K 5400 8.5.2 (cross-cutting, followed by tape adhesion and peel- 
ing). The degree of peeling of the squares was rated by the following yardstick. 

O : No peeling between individual coating films. 
35 X : Partial or complete peeling between electrodeposited coating f flm and base coat film. 

Chipping resistance 

The following test was conducted. 

40 

(1) Tester: Q-G-R Gravelometer (Q Panel Co.) 

(2) Size of stones sprayed: crushed stones of about 1 5-20 mm in diameter 

(3) Volume of stones sprayed: about 500 ml 

(4) Pressure of spraying air: about 4 kg/cm 2 
45 (5) Temperature during test: about 20°C 

A test piece was fixed to a holder therefor: crushed stones of about 500 ml were hit against the test piece at an air 
pressure of about 4 kg/cm 2 ; and the coating film surface of the test piece was observed visually and rated according to 
the following yardstick. 

so 

O (good): Part of the top coating film had very slight damage caused by hitting impact, but the electrode- 

posi table coating film showed no peeling. 

a (slightly poor): 

The top coating film and the intermediate coating film had damage caused by the hitting impact 
55 and. moreover, the electrodepositable coating film showed slight peeling. 

X (poor): The top coating film and the intermediate coating film had severe damage caused by the hitting 

impact and, moreover, the electrodepositable coating film showed considerable peeling. 
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Acid resistance 

A coated plate was half-dipped in a 40% sulfuric acid solution at 50°C for. 5 hours, then water-washed, and 
observed for the coating fflm surface. The acid resistance of the coated plate was evaluated according to the following 
s standard. 

A: No change 

B: No abnormality is seen on the coating film surface, but a slight difference in level is seen at the boundary 
between the dipped portion and the non-diped portion. 
10 C: The coating fflm surface shows whitening. 

Abrasion resistance 

A coated plate was attached onto an automobile; the automobile was subjected to 15 times washing by the use of 
15 a car washer; and the surface condition of the coating film of the coated plate was observed. The car washer used was 
PO 20FWRC produced by Yasui Sangyo Co. The abrasion resistance of the coated plate was evaluated according to 
the following standard. 

A: Substantially no abrasion is found by visual inspection. 
20 B: Very slight abrasion is found by visual inspection. 
C: Noticeable abrasion is found by visual inspection. 

Water resistance 

25 A coated plate was dipped in water of 40 °C for 240 hours, water-washed, and observed for the coating film surface. 
The water resistance of the coated plate was evaluated according to the following standard. 

A: No change 
B: Slight matting is seen. 
30 C: The coating film surface shows whitening. 

Adhesivitv after recoatinq 

Each coating composition was applied and baked at 150°C for 30 minutes. Thereonto were applied the same top 
35 coats (base coat and clear coat) in the same manners, followed by baking at 1 20°C for 30 minutes. Then, cross-cutting 
was conducted for the resulting coating film, at intervals of 1 mm to form 100 squares in the film; a cellophane tape was 
adhered onto the film and peeled; in this case, the adhesivity (or peeling) between the film formed before the second 
application of the top coats and the film formed by the second application was examined. The adhesivity was evaluated 
according to the following standard. 

40 

A: No peeling 
B: Slight peeling 
C: Severe peeling 

45 Claims 

1 . A coating method comprising: 

(1) applying, onto a material to be coated, a cationic electrodepositabie coating composition comprising: 

so 

(A) a polyurethane-modified epoxy resin-ami ne adduct obtained by a reaction of (A-1) a polyurethane 
compound having one terminal isocyanate cjoup in the molecule, obtained by a reaction of (a) a polyhy- 
drcocy compound having a number-average molecular weight of 50-8,000, (b) a polyisocyanate compound, 
and (c) a compound having one active hydrogen atom in the molecule; (A-2) a bisphenol type epoxy resin 

55 having at least two epoxy groups in the molecule: and (A-3) an acth/e-hydrogen-containing amine com- 

pound, and 

(B) a nonfonicfanrh^Qnrong resin, 

the weight ratio of the resin (Aythe resin (B) being 15/85 to 95/5 and the coating composition comprising 
substa n t ia lly no pigment and then heat-curing the formed eiectrocoating film. 
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(2) applying, onto the cured electrocoating film, an aqueous coating composition comprising a metallic pigment 
and/or a coloring pigment as a first top coat and then heat-curing the formed coating f am. and 

(3) applying thereonto, as a second top coat a high-solid-content coating composition comprising: 

s (C) a carboxyl group-containing compound. 

(D) a-vinyl type polymer containing, in the molecule, an epoxy group, a hydraxyl group and a hydrolyzabie 
alkaxysilyl group. 

(E) a reactive organopolysiloxane, and 

(F) crosslinked polymer fine particles 

10 but comprising substantially no pigment and then heat-curing the formed coating film. 

2. A coating method comprising: 

(1) applying, onto a material to be coated, a cationic eiectrodepositable coating composition comprising: 

is 

(A) a polyurethane-modified epoxy resin-amine adduct obtained by a reaction of (A-1) a poiyurethane 
compound having one terminal isocyanate group in the molecule, obtained by a reaction of (a) a pofyhy- 
droxy compound having a number-average molecular weight of 50-8,000, (b) a polyisocyanate compound, 
and (c) a compound having one active hydrogen atom in the molecule; (A-2) a bisphenol type epoxy resin 

20 having at least two epoxy groups in the molecule; and (A-3) an active-hydrogen-containing amine com- 

pound, and 

(B) a nonionic film-forming resin, 

the weight ratio of the resin (A)/the resin (B) being 15/85 to 95/5 and the coating composition comprising 
substantially no pigment, and then heat-curing the formed electrocoating film, 

25 

(2) applying, onto the cured electrocoating film, an aqueous coating composition comprising a metallic pigment 
and/or a coloring pigment, as a first top coat, and without substantially heat-curing the formed coating film, 

(3) applying thereonto, as a second top coat, a high-solid-content coating composition comprising: 

30 

(C) a carboxyl group-containing compound, 

(D) .a vinyl type polymer containing, in the molecule, an epoxy group, a hydroxy I group and a hydrolyzabie 
alkaxysilyl group, 

(E) a reactive organopolysiloxane, and 
35 (F) crosslinked polymer fine particles 

but comprising substantially no pigment, and 

(4) heating the resulting material to simultaneously cure the coating films formed in the above (2) and (3). 

40 3. A method according to Claim t or 2, wherein the polyhydroxy compound (a) has hydroxy! equivalents of 25-4,000. 

4. A composition according to Claim 1 or 2, wherein the polyhydroxy compound (a) is selected from the group con- 
sisting of ethylene glycol, propylene glycol, 1 ,6-hexanediol and N-methyldiethanoiamine. 

45 5. A composition according to Claim 1 or 2, wherein the polyisocyanate compound (b) is selected from the group con- 
sisting of aliphatic, alicyciic or aromatic-aliphatic polyisocyanate compounds. 

6. A composition according to Claim 1 , wherein the polyisocyanate compound (b) is selected from the group consist- 
ing of hexamethylene diisocyanate, isophorone diisocyanate and hydrogenated 4,4'-cfiphenylmethane diisocy- 

so anata 

7. A composition according to Claim 1 or 2, wheran the compound (c) having one active hydrogen atom in the mole- 
cule is selected from the group consisting of a monohydric alcohol, a monocarboxyiic acid, a monohydric thiol, a 
secondary amine, an oxime and a compound obtained by converting, into an akJimine, a ketimine, oxazoline or imi- 

55 dazoiine. the primary amino group of an amine compound having one secondary amino or hydroxyi group and one 
or more primary amino groups. 

8. A composition according to Claim 1 or 2. wherein the compound (c) having one active hydrogen atom in the mole- 
cule has a molecular weight of 30-2,000. 
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9. A composition according to Cairn 1 or 2, wherein the poiyurethane compound (A-1) is obtained by a reaction of 10- 
94% by weight of the polyhydroxy compound (a). 5-80% by weight of the polyisocyanate compound (b) and 1 -85% 
by weight of the compound (c) having one active hydrogen atom in the molecule, ail of said amounts being based 
on the total amount of (a), (b) and (c). 

10. A composition according to Claim 1 or 2, wherein the poiyurethane compound (A-2) has a number-average molec- 
ular weight of 400-10,000. 



11. A composition according to Claim 1 or 2, wherein the bisphenol type epoxy resin (A-2) is a digtycidyl ether of a 
10 bisphenol type compound. 

12. A composition according to Claim 11. wherein the diglycidyl ether of a bisphenol type compound is a digiycidyl 
ether of bisphenol A represented by the following formula 



15 



20 



A 

CH2~CH~CH2~ 



CH 3 



CH 5 



OH 



CH; 



"0H^)^-<O)^0-CH 
CH 3 



wherein q is an integer of 2-20. 



25 13. A composition according to Claim 1 or 2. wherein the bisphenol type epoxy resin (A-2) has a number-average 
molecular weight of about 310-10,000 and epoxy equivalents of about 155-5,000. 

14. A composition according to Claim 1 or 2. wherein the active-hydrogen-containing amine compound (A-3) is 
selected from the group consisting of a compound obtained by converting, into an aldimine, a ketimine, oxazoline 

30 or imidazoline, the primary amino group of an amine compound having one secondary amino group and one or 
more primary amino groups, a secondary monoamine, and a compound obtained by converting, into a ketimine, 
the primary amino group of an alkanolamine. 

15. A composition according to Claim 14, wherein the active-hydrogen-containing amine compound (A-3) is dieth- 
35 anolamine or a ketimine made from diethyienetriarnine. 

16. A composition according to Claim 1 or 2, wherein the polyurethane-modified epoxy resin-amine adduct (A) is 
obtained by reacting the secondary hydroxy! group of the bisphenol type epoxy resin (A-2) with the poiyurethane 
compound (A-1) and then adding, to the terminal oxirane group of the resulting polyurethane-modified epoxy resin, 

40 the active-hydrogen-containing amine compound (A-3). 

17. A composition according to Claim 1 or 2, wherein the polyurethane-modified epoxy resin-amine adduct (A) is 
obtained by a reaction of 16-80% by weight of the poiyurethane compound (A-1), 20-80% by weight of the epoxy 
resin (A-2), said amounts being based on the total amount of (A-1), (A-2) and (A-3), and the active-hydrogen-con- 

45 taining amine compound (A-3) of such an amount that the resulting polyurethane-modified epoxy resin-amine 
adduct has an amine value of 15-100. 

18. A composition according to Claim 1 or 2, wherein the polyurethane-modified epoxy resin-amine adduct (A) has a 
number-average molecular weight of 1 ,000-20.000. 

50 

19. A composition according to Claim 1 or 2, wherein the polyurethane-modified epoxy resin-amine adduct (A) contains 
a primary hydroxy! group in an amount of 600-1 ,000 equivalents. 

20. A composition according to Claim 1 or 2, wherein the nonionic film-forming resin (B) has a number-average molec- 
55 ular weight of about 3,000-100.000 and has, in the molecule, a nonionic functional group such as hydraxyi group. 

arosstinkable with the blocked isocyanate group of the resin (A) or with an external curing agent during the baking 
and curing of said composition c oate d. 



21 . A composition according to Claim 1 or 2, wherein the nonionic film-forming resin (B) is selected from the group con- 
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sisting of an acrylic resin, a polyester resin, a polyester-modified acrylic resin, an acrylic resin-modified polyester 
resin and a silicon e-modrfied resin. 



22. A composition according to Qaim 21. wherein the nonionic film-forming resin (B) is a polyester-mocfified nonionic 
5 acrylic resin wherein the amount of the polyester grafted is 5-80% by weight based on the total of the resin. 

23. A composition according to Claim 1 or 2. wherein the weight ratio of the resin (A) / the resin (B) is 30/70 to 90/10. 



24. A composition according to Claim 1 or 2, further comprising an external crosslinking agent 

10 

25. A composition according to Claim 24, wherein the external crosslinking agent is selected from the group consisting 
of a blocked polyisocyanate, a 0-hydroxycarbamic acid ester of a poiyamine, a malonic acid ester, a malonic acid 
ester derivative, methylolmelamine and methyiolurea. 



75 26. A composition according to Claim 24, wherein the weight ratio of the total of the resin (A) and the resin (B) to the 
externa! crosslinking agent is 100/0 to 60/40, preferably 85/15 to 75/25. 



27. A method according to Claim 1 or 2, wherein the cationic electrodepositable coating composition is electrodepos- 
ited with stirring, under the following conditions: 



20 



bath temperature: 20-30°C , 

voltage: 100-400 V, 

current density: 0.01-3 A/dm 2 . 

electrodeposition time: 1 -5 minutes, 

25 anode/cathode area! ratio: 2/1 to 1/2, and 

distance between electrodes: 10-100 cm. 



28. A method according to Claim 1 or 2, wherein the electrodeposited composition is baked and cured at a temperature 
of about 140-1 80°C. 

30 

29. A method according to Claim 1 or 2. wherein the film thickness of the coated composition is 5-40 jxm after curing. 

30. A method according to Claim l.or 2, wherein the aqueous coating composition as a first top coat is composed 
mainly of a base resin, a curing agent, a metallic pigment and/or a coloring pigment, and water. 

35 

31. A method according to Claim 30, wherein the base resin is a resin which contains, as a base material, an acrylic 
resin, a polyester resin, an epoxy resin or a urethane resin and which can be made water-soluble or water-dispers- 
ibte. 

40 32. A method according to Claim 30, wherein the amounts of the base resin and the curing agent present in the aque- 
ous coating composition are 60-90% by weight and 40-10% by weight, respectively, based on the total weight of 
the base resin and the curing agent. 

33. A method according to Claim 30, wherein the amount of the metallic pigment and/or the coloring pigment present 
45 in the aqueous coating composition is about 1 -250 parts by weight per 100 parts by weight of the total of the base 

resin and the curing agent 

34. A method according to Claim 1 or 2, wherein the film thickness of the coated aqueous coating composition is 10- 
50 pm after curing. 

so 

35. A method according to Claim 1 or 2, wherein the carbaxyl group-containing compound (C) has an acid value of 50- 
500 mg KOH/g. 

36. A method according to Qaim 1 or 2, wherein the carboxyl group-containing compound (C) is selected from the 
55 group consisting ot 

(C-1) a vinyl type polymer containing, in the molecule, a group obtained by half-estertfying an acid anhydride 
group, 

(C-2) a carboxyl group-containing polyester type polymer having a number-average molecular weight of 1 ,500- 
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2,000, and 

(C-3) a low-molecular half ester having a number-average molecular weight of 400-1 ,000. obtained by an addi- 
tion reaction between a poiyol and a 1,2-acid anhydride 

s 37. A method according to Claim 1 or 2. wherein the carboxyl group-containing compound (C) is selected from the 
group consisting uf : 

(C-1) a vinyl type polymer containing, in the molecule, a group obtained by haff-esterifying an acid anhydride 
group, and 

jo (C-3) a low-molecular half ester having a number-average molecular weight of 400-1 ,000, obtained by an addi- 

tion reaction between a poiyol and a 1,2-acid anhydride 

38. A method according to Claim 1 or 2, wherein the vinyl type polymer (D) containing, in the molecule, an epoxy group, 
a hydroxy! group and a hydrolyzable alkoxysilyl group has an epoxy group content of 0.5-5 mM/g. 

15 

39. A method according to Claim 1 or 2, wherein the vinyl type polymer (D) containing, in the molecule, an epoxy group, 
a hydroxy! group and a hydrolyzable alkoxysilyl group has a hydroxy! value of 10-200 mg KOH/g. 

40. A method according to Claim 1 or 2, wherein the vinyl type polymer (D) containing, in the molecule, an epoxy group, 
20 a hydroxy! group and a hydrolyzable alkoxysilyl group has a hydrolyzable alkoxysilyl group content of 0.3-5 mM/g. 

41. A method according to Claim 1 or 2, wherein the hydrolyzable alkoxysilyl group of the vinyl type polymer (D) con- 
taining, in the molecule, an epoxy group, a hydroxyl group and a hydrolyzable alkoxysilyl group is a triethoxysilyl 
group or a methyldiethoxysiiyi group. 

25 

42. A method according to Claim 1 or 2, wherein the vinyl type polymer (D) containing, in the molecuie, an epoxy group, 
a hydroxyl group and a hydrolyzable alkoxysilyl group has a number-average molecular weight of 2,000-10,000. 

43. A method according to Claim 1 or 2, wherein the reactive organopolysiloxane (E) has a number- average molecular 
30 weight of 100-10,000 and 2-300 silicon atoms. 

44. A method according to Claim 1 or 2, wherein the reactive organopolysiloxane (E) contains, as the reactive func- 
tional group an alkoxysilyl group, an alcoholic hydroxy! group or a glycidyl group. 

35 45. A method according to Claim 1 or 2, wheran the crosslinked polymer fine particles (F) have an average particle 
diameter of 0.01-2 um. 

46. A method according to Claim 1 or 2, wherein the high-solid-content coating composition as second top coat com- 
prises the carboxyl group-containing compound (C) and the vinyl type polymer (D) containing, in the molecule, an 

40 . epoxy group, a hydroxyl group and a hydrolyzable alkoxysilyl group, in such proportions that the equivalent ratio of 
the carboxyl group of the compound (C) to the epoxy group of the polymer (D) becomes 1 :0.5 to 0.5:1 ; comprises 
the reactive organopolysiloxane (E) in an amount of 3-50 parts by weight per 100 parts by weight of the total of the 
compound (C) and the polymer (D); and comprises the crosslinked polymer fine particles (F) in an amount of 1 -20 
parts by weight per 100 parts by weight of the total of the compound (C), the polymer (D) and the reactive organo- 

45 polysiioxane (E). 

47. A method according to Claim 1 or 2. wherein the high-solid-content coating composition further comprises a curing 
catalyst 

so 48. A method according to Claim 1 or 2. wherein the film of the high-solid-content coating composition has an as-dried 
thickness of 10-80 p/n. 

49. A method according to Claim 1 or 2, wherein the film of the high-solid-content coaling composition is cured at a 
temperature of about 120-170°C . 

55 

50. A coated article formed by a coaling method of Claim 1 or 2. 
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